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YOUNG ELECTRONICS DESIGNERS DISPLAY THEIR TALENTS АТ YEDA 


The quality of the innova- 
tions from this year’s final- 
ists in the Young Electronics 
Designers Awards (YEDA) 
competition was truly in- 
spiring ... from a safety de- 
vice for irons to a device to 
detect electric fences in the 
countryside. 

In fact, with such talent 
and vision on show, the only 
question is why Britain is 
not a super-performer in the 
commercial world. It cer- 
tainly augurs well for the fu- 
ture. 

The man from the UK 
Patent Office making his 
first visit to the show was ex- 
tremely impressed and cer- 
tainly such is the quality of 
the devices and designs that 
there is now a warning to 
contestant to apply for 
patent protection before the 
final. 

AII the finalists' projects 
were on display at the Sci- 
ence Museum in London re- 
cently and the winners and 
runners-up in the three cate- 
Bories were presented with 
their awards at a special pre- 
sentation dinner by His 
Royal Highness The Duke of 
York, the patron of the 





YEDA Trust which stages 
this event every year. The 
names of the prize winners 
were announced by TV per- 
sonality Sally Gray. 


Emily Collins 





Winning the Mercury 
Communications prize for 
the best communications- 
based project was Emily 


Elektor Electronics. 


Collins from Ridley High 
School, Blyth, Northumber- 
land with her sensory alert 
device for the deaf — a device 
worn on the wrist which 
flashes and vibrates as a 
warning of smoke, intrud- 
ers, doorbell or a telephone 
call. Her project was highly 
commended in the Junior 
Under-15 Category. 
Seventeen-year-old 
non Todd, winner of the 
Intermediate (15-17 years 
old) Category and a YEDA 
trophy, took the £2,500 Texas 
Instrument prize for the 
most commercially viable 
project with his safety de- 
vice for a domestic iron. 

Simon, who shares the 
award with his school, came 
on the idea when he discov- 
ered that his mum had burnt 
ап iron mark on his 
favourite shirt while she was 
ironing and watching TV at 
the same time. 

















He told Elektor Electronics: 
The device is basically a 5- 
second timer When it 
reaches zero, an alarm is 
triggered. The timer is acti- 
vated when the iron is 
placed in a horizontal posi- 
tion (that is, on top of the 
ironing board) and is deacti- 
vated when the iron is in a 
vertical position, Every time 
the iron changes direction, 
the timer is reset, so that the 
alarm will be triggered only 
when the iron is left station- 
ary in a horizontal position 
for more than five seconds. 
This should alert the user if 
the iron is accidentally left 
on top of the clothing before 
the material becomes dam- 
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aged 
Now taking Maths, 
Physics and Technology, 


Simon used his project to 
gain a Grade A in Technol- 
ogy in an internal examina- 
tion. 

Mark Gould, 14, from the 
Gryphon School, Sherborne, 
Dorset, won the IEEA Award 
for the best project from a 
school entering the YEDA 
competition for the first 
time. 















Farmer's son Mark won 
the £1,000 award for his elec- 


tric fence detector. Mark 
said: “I got the idea while 
trying to listen to my radio 
which was suffering from in- 
terference from a neigh- 
bour's electric fence, I there- 
fore realised that radio 
waves can be used to check 
whether a fence was live or 
not. Currently, the only de- 
vices on the market are test 
meters which you have to 
earth to check the current 
section by section, whereas 
with my device you check 
the fence from two metres 
away. Already, I have had a 
lot of interest from farmers 
in my area, walkers, and 
horsemen.” 

Runner-up in the Junior 
Category (under 15 years 
old), Mark, along with the 
other sponsors’ award win- 
ners and the age category 
winners, receivers a cordle; 
telephone from Mercury. 
Every finalist received а 
Texas Instrument graphics 
calculator with eight bytes of 
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James Smith 





user memory and a YEDA 
certificate’ 

Twenty-two-year-old 
James Smith, a former stu- 
dent at Brunel University, 
Egham, Surrey, won the first 
prize in the Senior Category 
(18-25 years old) of £1,000 
plus a YEDA trophy for his 
Manta - a communications 
device for recreational scuba 
divers. 

James, who hit on the 
idea following a problem 
caused by lack of communi- 
cation on his initial dive 
with a local scuba club, used 
the project to help him gain 
a first-class Honours Degree 
- a B.Sc. in Industrial De- 
sign 

Runner-up in the Senior 
Category was Peter Smith, 
23, a former Bangor Univer- 
sity student. Now an elec- 
tronics engineer, Peter re- 
ceived the £500 prize for his 
integrated, low-cost noise 
badge dosimeter for people 
working in noisy environ- 
ments. 

Called BAND (Bangor 
Noise Dosimetry), the proto- 
type of the system was de- 
veloped by Peter as his final 
year project for his degree in 
Computing Systems Engi- 
neering. 

“With BAND", said Peter, 
“workers wear miniature 
low-cost sound badges on 
their clothing. These mea- 
sure the noise doses as a 
count — the louder the sound 
and the longer the worker is 
exposed to it, the greater the 
count. This is measured at 














Peter Smith 





the end of a shift by a com- 
puter system which also 
records it on the worker's 
record, resets the badge and 
performs a calibration". 

The computer also has 
the means to test the 
worker's hearing every few 
months or when he reaches 
à certain level of sound dose 
using its built-in multi- 
media capabilities. In this 
way, a worker's hearing can 
be monitored throughout 
the years and the first signs 
of hearing loss identified so 
that appropriate action can 
be taken." 

Taking third place in the 
nior Category and the 
£250 prize was 21-year-old 
Leighton Spicer, also from 
the Bangor University of 
Wales, with his electronic 
system to reduce the pres- 
sure sores in older and dis- 
abled people. 

Highly commended in 
this category were Michael 
Brown (18) from Bancroft's 
School, Woodford Green, 
Essex, for his Gremlinator — 
a circuit testing aid; and 


























Gwyn Jones (22), another 
Bangor University student, 
with his pre-eclampsia 


monitoring system for mea- 
suring the toxemia in preg- 
nancy. 

Runner-up in the Inter- 
mediate Category was David 
Marson (16) from St Joseph's 
College, Trentvale, Stoke-on- 
Trent, with an electronic 
hand-held pedestrian cross- 
ing sign 

Two pupils from Bishop's 
Castle Community College, 
Shropshire, Susannah Baker 
and Elizabeth Humphreys, 
took third place in this cate- 
gory with their talking elec- 





tronic map of the London 
Underground: ‘Braille Rail’. 
Among those highly com- 
mended in this section were 
Sumit Rai (17), Dulwich Col- 
lege, London, for his opto- 
electrical swipe card system, 
designed for use in public 
places to monitor entrances 
and exits; Jonathan Taylor 
(15), Bryanston School, 
Blandford, Dorset, for his 





David Marson 





Coxbox, a device for rowers 
for recording their stroke 
rate; Andrew Buckmaster 
(16), Radley College, Abing- 
don, for Water Wizard for 
measuring and displaying 
the quantity of water used 
by showers and hose pipes; 
John Morton (16) and Max 
Kendall (16), both also from 
Radley College, for a bath 
temperature warning device 
in the form of a toy aptly 
named the ‘Thermo Tug; 
and Andrew Early (16), 
Ravens Wood School, Brom- 
ley, Kent, for his model 
rocket launch controller. 

Typical of the problem 
solving nature of these pro- 
jects is that of Edward 
Brocklebank (14) from 
Radley College, Abingdon, 
who was helping to improve 
the lighting system on his 
grandmother's C5 when he 
suddenly realized that such 
a facility is desperately 
needed for bicycles, indicat- 
ing as it does when the cycle 
is in motion, when it is brak- 
ing, and when it is turning 
left or right. 

Edward, who next year 
sits his GCSE in Technology, 
won the Junior Category 
(under 15) and the prize of 
£500 and a YEDA trophy 
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with his project "in which 
Halfords have already ex- 
pressed an interest." 

Third prize in this cate- 
gory went to a quartet of 
young electronics designer: 
Rachel Downing (13), Kerri- 
Anne Devlin (13), Anna 
Burke (12) and Anne-Marie 
Gaillaed (12), from St Mary's 
Junior High School, Lurgan, 
Northern Ireland, for their 
education toy to enhance 
knowledge of the earth and 
the solar system, 

Highly commended in 
this category were Guy 
Kewish (13), Philip Redi (13), 
and Alasdair Lynch (13), 
from the Merchiston Castle 
School, Colinton, Edin- 
burgh, for their babies and 
safety in car seats project, 
and Stephen Wyber (13), 
Bancroft's School, Woodford 








Edward Brocklebank 





Green, Essex, for his elec- 

tronie kitchen weighing 

scales for the blind. 
Information on this and 

next year’s competition may 

be obtained from 

The YEDA Trust 

60, Lower Street 

Pulborough 

West Sussex RH20 2BW 

Telephone (01798) 874767 

Fax (01798) 873550 

e-mail: yeda@cix.compu- 

link.co.uk 


ENHANCE YOUR COM- 

MUNICATION SKILLS 
A publication aimed at en- 
hancing the communication 
skills of engineers and tech- 
nicians has been produced 
by The Institution of Elec- 
tronics and Electrical Incor- 
porated Engineers (IEEIE). 


Elektor Electronics 


Technically Speaking — Practi- 
cal communications for engi- 
neers and technicians contains 
invaluable tips and advice 
on a variety of topics from 
self-assessment, writing re- 
ports, and using the tele- 
phone, to dealing with the 
media, learning a foreign 
language, and making pre- 
sentations. 

The publication has won 
the Clear English Standard 
‘winning document’ logo 
from the Plain Language 
underlining 
the clarity and straightfor- 
ward approach to each of 
the subjects covered. 

In publishing Technically 
Speaking, the 1 is contin- 
uing with its policy of offer- 
ing sound advice on topical 
subjects considered nec 
ary for the personal and ca- 
reer development of every 
practical engineer. The IEEIE 
is already well known for its 
commitment to continuing 
professional development, 
offering a comprehensive 
programme of lectures, sem- 
inars and courses and, real- 
izing the importance of en- 
couraging and motivating 
engineers, it has recently pi- 
loted a project to promote 
mentoring as a professional 
development tool 

Technically Speaking has 
been distributed free of 
charge to all members of the 
IEEIE and is available to new 
members at no cost. A lim- 
ited number of copies are 
available for purchase by 
non-members for £5. Non- 
members wishing to pur- 
chase a copy should send a 
cheque, тайе payable to 
IEEIE, for £5:00 to The Sec- 
retary, IEEIE, Savoy Hill 
House, Savoy Hill, London 
WC2R OBS (for overseas air- 
mail, add £ 1:00). 





























EUMATSAT POLAR 
SYSTEM 
In a recent special meeting, 
the EUMATSAT Council ap- 
proved a bridging phase for 
the EUMATSAT Polar Sys- 
tem (EPS) to cover essential 
activities that must start im- 
mediately in preparation for 
the full approval of the pro- 
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gramme later this year. The 
main aim of the bridging 
phase agreement is to en- 
sure that industrial activities 
can start on procurement of 
the MTOP satellites, thus 
maintaining the present cost 
and schedule assumptions 
for a launch of the first sat- 
ellite in late 2002. 

EUMETSAT establishes 
and maintains operational 
meteorological satellites for 
17 West European states 
(Austria, Belgium, Denmark, 
Germany, Finland, France, 
Greece, Ireland, Italy, the 
Netherlands, Norway, Portu- 
gal, Spain, Sweden, Switzer- 
land, Turkey, and the United 
Kingdom. The images and 
data from EUMETSAT satel- 
lites make a significant con- 
tribution to weather fore- 
casting and, hence, the 
safety of all nations in Eu- 
rope and neighbouring con- 
tinents. 


RECHARGEABLE 
ALKALINE MANGANESE 
BATTERIES 
In our Focus One article ‘Re- 
chargeable-battery systems’ 
(September 1996), we said 
that although rechargeable 
(secondary) versions of the 
alkaline-manganese battery 
had been available in the 
USA since the late 1980s, 
“they have not (yet) caught 

on in Europe". 

This situation is changed 
by the announcement of Al- 
lied Battery Technologies in 
Stokenchurch, Bucks that 
mercury-free, rechargeable 
alkaline manganese batteries 
are now available in the UK. 
The company estimates that 
the use of these new batter- 
ies to power toys, cameras, 
radios, audio equipment, re- 
mote control units, torches, 
and countless other electrical 
appliances, could the aver- 
age British family £100 in 
battery purchases. 

Known as RAM" (Re- 
chargeable Alkaline Man- 
ganese) batteries, they are 
designed and developed in 
Canada by Battery Technolo- 
gies Inc. where they are 
manufactured under licence 
by the Pure Energy Battery 
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Corporation. 

This new concept must 
not be confused with at- 
tempts to recharge conven- 
tional alkaline manganese 
batteries with ‘universal’ 
chargers. The RAM batteries 
are designed to be recharged 
and the recharge characteris- 
tics are such that lifetimes 
are increased over conven- 
tional alkaline batteries by at 
least 10 and up to 50 times or 
more, Using the simple 
charger, which fits neatly 
into a 13 A wall socket, is like 
holding a battery store in the 
home. The batteries have a 
shelf life of five years. 

The RAM batteries have 
proved to be very successful 
in Canada and the USA 
where they have captured 
53% of the NiCd battery 
market. Initially, AA si 
cells, which represent 62% of 
the UK market, will be avail- 
able and the smaller AAA 
cells later this year. 

Entirely ‘green’, RAM 
cells are an environmentally 
responsible alternative to 
NiCd batteries because they 
contain no toxic chemicals 
such as mercury or cad- 
mium, In addition, because 
the batteries last so much 
longer than conventional 
batteries, fewer are thrown 
away. 

The RM technology rep- 
resents the first rechargeable 
product that can easily and 
economically replace single- 
use batteries world-wide. 
Pure Energy's RAM batteries 
are complete interchange- 
able with conventional, non- 
rechargeable alkaline batter- 
ies and they are also suitable 
in many cases as a cost-effec- 
tive and environmentally 
friendly alternative to re- 
chargeable NiCd batteries. 
In addition, they can be 
used in equipment labelled 
‘unsuitable for rechargeable 
Nickel Cadmium batteries’. 
This is because RAM batter- 
ies do not deliver the ‘over- 
current’ that is potentially 
damaging to consumer elec- 
tronic equipment. 

Another advantage is that 
there is no ‘memory effect’ 
such as occurs with NiCd 
batteries. Conversely, the 
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RAM battery performs best 
when it is ‘topped up’ in the 
charger when it is not in use. 
Also, the RAM cell has an 
ел. of 1.5 V as opposed to 
the 1.2 V of the NiCd cells 
therefore, more cost- 
effective for 3 V and 6 V ap- 
plications. 

Allied Battery Technologies 
(ABT) Ltd; 14, Bates Indus- 
trial Estate, Wycombe Road, 
Stokenchurch, Buckingham- 
shire HP14 3RJ. Telephone 
(01494) 484050; Fax (01494) 
482161 








ELECTRONICS 
WORKBENCH 
Robinson Marshall (Europe) 
PLC have announced the 
Electronics Workbench EDA 
and the Electronics Work- 
bench Professional. The dif- 
ferences between the two 
are that there are more de- 
vices and more analy 
available to EDA users. The 
User Interface, however, is 
exactly the same, so private 
users may well opt for the 
Professional version as this 
costs £199 and the EDA ver- 

sion just below £ 800. 

А description of both ver- 
sions is given in 'Software 
for Electronics' elsewhere in 
this issue. 





MULTI-STANDARD 
MODULATOR/PLL 





Siemens has added to its 
product line of rf. ICs for 
video and TV applications a 
new multi-standard modula- 
tor, the Type TDA 6060XS. 
This new product is compat- 
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ible with all world standard, 
including PAL, NTSC, and 
SECAM. In a technological 
first, this one chip combines 
the functions of a digitally 
programmable phase-locked 
loop (PLL) with a multi-stan- 
dard video modulator and a 
programmable sound FM 
and AM modulator. With its 
diverse functions, the new 
IC is suitable for all modula- 
tor boxes, such as those for 
video recorders, games, 
satellites receivers, cable 
headends an d set-top boxes. 
The PLL permits the fre- 
quency of the modulator os- 
cillator to be set precisely 
from 30 MHz to 950 MHz in 
steps of 250 kHz. The tuning 
process is controlled by a mi- 
croprocessor via an ВС bus. 
The internal reference fre- 
quency is 62.5 kHz. The 
modulator block includes a 
gain-adjustable video ampli- 
fier, a double balanced mixer 
working as an AM video 
modulator, a frequency and 
amplitude-stable balanced 
oscillator for the УНЕ hyper- 
band and UHF ranges, a 
sound modulator for FM 
and AM modulation, a pro- 
grammable sound carrier os- 
cillator and a voltage refer- 
ence source. The sound car- 
riers are generated by an os- 
cillator which is digitally 
programmable on chip; the 
four possible frequencies are 
45MHz, 5.5MHz and 
6.0 MHz (for FM only) and 
6.5 MHz (for FM and AM). 
The new chip is another 
member in the family of 
highly integrated rf. ICs. It 
enables easy connection of 
Siemens’ single-chip solu- 
tions for TV, video recorder 
and satellite tuners, and of 
the Siemens I/Q demodula- 
tor for digital satellite recep- 
tion to almost any ТУ set in 
the world. 
Siemens AG, UK В HL, 
D-81617, Munich, Germany. 
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four-module 
control system 





The ignition warn- 
ing light in a car 
indicates whether 
the battery is 
being charged or 
not (and indeed 
whether it is con- 
nected properly to 
the electrical sys- 
tem). It does not 
tell the driver, 
however, the state of the 
battery*. This information is 
of particular interest to 
mobile home and caravan 
Owners, since these have to 
take into account additional 
appliances and a second 
battery. The modular moni- 
tor described indicates the 
level and the direction of the 
battery current, in other 
words whether it is being 
charged or discharged. It 
does so without the need for 
any leads to be interrupted. 


"There are, of course, cars that have a dashboard ammeter which 
Indicates whether the battery is being charged or discharged. 


Design by K. Bachun 
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INTRODUCTION 

Battery maintenance in a car with car- 
avan added or in a mobile home is 
more complex than one would expect. 
This is particularly so since most of us 
do not pay all that much attention to 
our car's battery — until it starts giving 
problems. А caravan or mobile home 
has many more electrical appliances 
(such as a fridge, interior lighting, 
drinking water tank), than a car, and 
all these need to be operated by the 
battery. There is normally also a sec- 
ond battery to be looked after. 

There is a plethora of commercial 
control and display units on the mar- 
ket, from a simple isolating relay to a 
microprocessor-controlled charging 
system. Most of these do not justify 
their price, however. 

This article proposes a unit com- 
prising four modules that measure the 
current and voltage of the electrical 
system, indicate the level of these, 
and, should the current be too high or 
the voltage too low, operate a relay to 
isolate one or more loads from the sys- 
tem. The modules, which may be 
used independently of one another, 
are electronically as well as mechani- 
cally straightforward, and, since they 
use mainly standard components, 
fairly inexpensive. 





CURRENT DETECTOR 

Circuit A in Figure 1 measures the cur- 
rent and prepares the input signal for 
further processing. The input is 





obtained from an external magneto- 
resistive sensor linked to input con- 
nector Ку. The internal circuit of this 
device is described in the box. The sen- 
sor is arranged as a metering bridge, so 
that the output is not referred to earth, 
but applied as a differential signal to 
the inputs of op amp ICs, which is 
arranged as an instrumentation ampli- 
fier. In this way, the amplifier can 
determine not only the level but also 
the direction of the current (charging 
or discharging). The amplification of 
the op amp is determined by the ratio 
Кукі, and is with values as specified 
about x25. The amplified differential 
signal is superimposed on to a direct 
voltage of about half the supply volt- 
age (2.5 V), which is derived from vari- 
able potential divider Rz-R;-P;. Since 
the values of Кз and R4 are equal ог 
nearly so, the quiescent currents into 
the two inputs are equal. 

To enable the current detector to 
operate correctly, any brief bursts of 
interference are nullified by C» and Cj. 

The supply lines to the op amp are 
smoothed by Cs and C, and stabilized 
by IC}. 











VOLTAGE DISPLAY 

The designs of the current display and 
the voltage display are virtually iden- 
tical—see Figure 1C. The input of the 
voltage display IC, is derived directly 
from the battery voltage via potential 
divider R;;-Rj5-P5. This variable input 
is about 3 V for a battery potential of 
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Some parameters 


2 Load-current measurement without 
interrupting the circuit 

> 10-position LED display of charging 
and discharge currents 

D Measurement of battery voltage 

2 10-position LED display of battery 
voltage 

> Resettable overload and short-circuit 
current cut-out 

2 Undervoltage cut-out 













12 V, The display range depends on 
the internal voltage reference and 
resistors Rg-Rqp. 

The reference output (REFOUT), 
which here is also the upper display 
level, is always 1.25 V higher than the 
level at REFADJ, so that the current 
from REFOUT to earth is about 1 mA 
with component values as specified. 
The potential difference (pd) caused 
by this current across Ко (0.95 V) and 










across Вар (1.8 V) determines the lower 
display level. The current flowing from 
REFAD] to earth is so small that it may 
be ignored. 

The lowest LED lights when the 














4. кматов 
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input voltage is 1.8 V, whereas the 
uppermost LED lights when the volt- 
age exceeds 4 V. Since the input signal 
is divided by 4, the display ranges 
should be multiplied by this figure. 
Therefore, the actual display range is 
7-16 V, that is, 1 V per LED. The two 
lowest LEDs are red to indicate ‘bat- 
tery low’, the next six LEDs are green 
to indicate ‘all is well’, and the two 
uppermost LEDs are yellow to indicate 
an ‘overvoltage’ state. 


CURRENT DISPLAY 

The operation of the current display— 
see Figure 1B—is very similar to that 
of the voltage display. Here, the input 
signal is derived from the sensor 
amplifier (Figure 1A) and applied to 
the SIG input pin ма Ry. The upper 
and lower display ranges are variable 
under the control of presets Ps and Py. 
This arrangement is necessary because 
the sensitivity of the sensor amplifier 
depends strongly on the coupling 
between the magneto-resistive sensor 
and the current-carrying cable. Tests 
on the prototype gave a sensitivity of 
8 mV A-7 at battery currents of up to 











30 A and with the relevant cable held 
against the sensor. 


EMERGENCY CUT-OUT 
The emergency cut-out circuit in Fig- 
ure 1D may be used as an alternative 
to, or in conjunction with, the current 
display. The output signal of the sen- 
sor amplifier is applied between R33 
and earth, smoothed by Cy, and 
applied to the non-inverting input of 
comparator IC,. 

The reference voltage at the invert- 
ing input of the comparator may be set 
between 1.1 V and 6.8 V with P4. This 
wide range ensures correct operation 
even when the coupling between 
cable and sensor is weak 

The comparator changes state 
when the reference voltage is 
exceeded by the output signal of the 
sensor amplifier or by switch S being 
set to ON. Resistor Код provides some 
hysteresis to prevent the relay from 


Figure 1. Circuit dia- 
gram of the four mod- 
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Figure 2. The battery сиг- 
rent is measured with the 
aid of a magneto-resistive 
sensor; there is no need of 
interrupting any circuits. 


clattering. 

When the comparator has changed 
state, driver T; is cut off, whereupon 
the relay is deactuated, so that its con- 
tact disconnects the relevant load from 
the battery. 

The state of the relay is indicated by 
Day, while diode 05 is the usual free- 
wheeling device. 

The overload circuit can Бе 
switched off by with Sj. 








As an alternative, the comparator 
may be made to change state at a 
low input by voltage monitor IC 
This op amp, which also functions as 
a comparator, likens the part of the 
battery voltage at the junction of 
potential divider Ry-Ry7 with a volt 
age level set with P5. Operation 
then as described earlier for IC. The 
emitter of the output transistor is at 
à level 2.7 V below the battery volt- 
age to ensure that the op amp can 
switch off T, at all times when 
required. 

When the battery voltage becomes 
low, transistor То pulls the inverting 
input of IC, to earth, whereupon the 
load is disconnected from the battery. 














CONSTRUCTION AND 
CALIBRATION 

Nothing much needs to be said about 
completing the printed-circuit board 
shown in Figure 3, which is self-evi- 
dent from the drawing. 

The only aspect of the construction 
that needs careful consideration is the 
coupling of the current-carrying, bat- 
tery cable to the sensor—see Figure 2. 

For the calibration of the monitor, a 
variable power supply, a car battery, a 
digital multimeter (DMM) and four 
55 W car bulbs are needed, 

Set presets P1, and P to the centre 
of their travel, Рз, Py and P, for maxi- 
mum voltage at their wipers, and Ps 
for minimum voltage at its wiper. 

Connect the voltage display to the 
power supply and set the output of 
this to 12 V. Adjust P, until Djs lights. 

To calibrate the sensor amplifier, 
adjust Ру until the output level is 
roughly half the supply voltage, that 
is, 25V. 

Next, connect the current display to 
the sensor amplifier. Pass a heavy-duty 
cable through the fixing hole of the 
PCB and arrange the sensor to its most 
suitable position - the metering bridge 
is situated in the top half of the sensor. 

During the calibration of the cur- 
rent display, it is not easy to generate 
а defined high enough current, Ideal 
is, of course, the use of a variable 
power supply with current limiting to 
provide such a high current. 

As an alternative, use a (partly 
charged) car battery, an ammeter (20 A 











magneto-resistive A 
sensor 


A current-carrying conductor is surrounded by a concentric magnetic 
field whose strength, H, is directly proportional to the value of the cur- 
rent and inversely proportional to the distance from the conductor. 
The monitor uses a sensor that consists of four Hall-effect devices 
arranged in a bridge configuration. When a Hall-effect device is | {hl | 
placed in a magnetic field, a voltage is produced across it which 
varies almost linearly with the magnetic flux density. So, the voltage Vid 
developed across a Hall bridge is a measure of the magnetic flux den- 
sity, which itself is directly proportional to the current causing it. This 
means that the sensor can measure current in a conductor without 
interrupting that conductor. Also, it facilitates the measurement of small 
voltages with respect to earth that would otherwise make special 
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demands on the input voltage range of the sensor amplifier. B 
The internal circuit in Figure A shows the four elements and the imax} | 
terminals for the supply voltage, Ves and GND, and the signal volt- "n m. 





age output, V;- and Мо+ MON 

The sensor has a virtually straight output characteristic —see Fig- 4 
ure B. Its sensitivity is typically 4 mV V-1 КА-! m-1. When a current of 
30 A flows through a cable of 16 mm? día. (so that the sensor is about 
3 mm from the centre of the cable), H is about 10 kA m- 1. With the 
sensitivity of the sensor as specified, this would result in a sensor out- 


















































put voltage of 4 x 10 = 40 mV. P | 
Assuming a current through the conductor (battery cable) vary- 2, | 

ing from -24 A (battery being discharged) to +30 A (battery being at 

charged), the output voltage range of the sensor is 72 mV. This will a 





be raised by the sensor amplifier in the monitor (amplification factor а кр v 
x25) to 1.85 V. 
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Parts fist 


Resistors; 

Ry, Ro = 39 КО 

Ra, Ra = 1 МО 

Аз, Ауа, Аг, Воз, Roz = 1 КО 
Re = 15 КО 

Ry = 100 КО 

Вв, Rog = 1,2 КО 

Ва = 9100, 1% 

Rio = 1.8 КО 

Rit, В = 5.6 КО 
Ria, Rig Rog = 2.7 КО 
Вуз = 2.2 КО 






13 = 

Ris, Ros = 270 КО 

Ву = 15 КО 

Но, Roo, Rog, Rag, Rag = 10 КО: 

Roy) Rag = 4.7 КО 

Ва, Rag = 560.2 

Р; = 2.5 КО multiturn preset, radial 

Pa, Ра, Ра = 5 КО multiturn preset, 
radial 

Ps, Pa = 1 КО multiturn preset, 
radial 


в» ө! 


Ai Bie В 
© 5S 

9990009 Q T 

Ich Е a 

Де E шъ с Capacitors. 

боб 5 5 е 5 0 Су-Са Са, Св Сто Cry = 0.22 uF 
oF о оооо сп st 9 X Gs = 2.2 pF, 63 V, radial 
les Ст, Cg = 47 ИБ 25 V, radial 
1 | C44 = 1006 25 У, radial 
0970025. 0-0. 6.6/5 О 55 C42 = 1000 LF, 63 V, radial 


Semiconductors: 

Dy, Dp, Оз, Dg, D7, Dys, Dia; Doo = 
LED, square, red 

Dg, Dy}, Оує = LED, square, yellow 

Da, Ds, Da, Dig, Dij; Оз, Dia; Dg, 
Dig = LED, square, green 

Da, = zener, 2.7 V, 400 mW. 

Do», Dog = zener, 6.8 V, 400 mW 











Integrated circuits: 
IC1 = 78L05 

IC; = CA3130E 
ICs, IC, = ШМ3914 
ICs, (Св = САЗ140Е 








Miscellaneous: 

К; = 4-way board terminal 

Ко = 3-way board terminal 

S, = 1-pole, 3-position board 
mounting slide switch 

Re, = 12 V car type relay 

Magneto-resistive sensor Philips 
Туре KMZ10B 











IC) when the charging and discharge 
9—o currents are maximum. Since the out- 

put characteristic of the sensor is fairly 
linear, the output level of IC, may be 














Figure 3. The printed-circuit calculated for higher currents. This, of 
board for the car-battery type connectors and heavy-duty bat- course, enables smaller currents to be 

monitor. (егу terminal clamps. used for the calibration 
Arrange for a charging current to To calibrate the emergency cut-out 
flow into the battery and adjust P; (or overload) module, apply a voltage 
d.c.) and four parallel-connected 55 W until the LED corresponding to the to the input of the module that results 
car bulbs (which provide a 220 W load value shown by the DMM lights. in a discharge current of, say, 40 A. 
that draws a current of 19 A). To start Next, arrange for a discharge cur- Adjust P, until the relay just releases. 
with, short-circuit the ammeter in the rent to flow from the battery and Remove the input voltage and set 
circuit with a heavy-duty cable, adjust P, until the LE responding the output of the variable power sup- 
because it may not survive the very to the value shown by the DMM lights. ply to 10.4 V (which corresponds to 
high current at power-on. When the nterrupted, the the terminal voltage of a discharged 
All connections in this circuit must LED corresponding to 0A should battery). Adjust P until the relay just 

be suitable for high currents: use light. releases. 

16 mm? cable with appropriate car- Note the voltages at the output of 1970025} 
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RC biswitch 


The RC switch 
is a well-known 
and very popu- 

lar adjunct in 
the world of 
model craft. It 
makes it possi- 
ble to use the 
joystick for 
operating a 
given on-board function 
Such as a search light, 
siren or winch at the 
same time as it is con- 
trolling the speed of the 
craft. The switch 
described in this article 
is a dual model provided 
with a memory. This 
duality and the memory 
offer the keen modeller 

a number of interesting 

applications. 


Design by M. Decroubele 


2 


INTRODUCTION 

The circuit is generally fairly standard. 
Received control pulses are demodu- 
lated at the input, while a relay at the 
output enables an external device to be 
switched or selected. One of the ben- 
efits of the memory is that when the 
joystick is moved past a certain posi- 
tion the relay is energized (as it is in 
any standard RC switch) and remains 
so (which it does not in a standard RC 
switch) when the joystick is returned 
to neutral. The relay is deactuated only 
when the joystick is once again moved 
past the same given position. The cir- 
cuit may be used as a standard switch 
when the memory is disabled with the 
aid of a jumper. 

There is also provision for connect- 
ing a microswitch that functions as a 
dead stop; thi: eful aspect when 
a winch or windlass is being operated. 

The duality of the switch makes it 
possible to control two completely 
independent relays over a single RC 
channel. 












dual switch 


function for 


model craft 





CIRCUIT DESCRIPTION 
The circuit diagram of the switch is 
given in Figure 1. As is to be expected, 
it consists of two identical halves, only 
the top one of which will be discussed. 

As is known, control of model craft 
is carried out with a pulsewidth-mod- 
ulated signal. In this, the high-fre- 
quency carrier wave is modulated with 
pulses at regular intervals (20 ms). The 
width of the pulses can be varied with 
the joystick between 1 ms and 2 ms. In 
the on-board receiver the (command) 
pulses are demodulated and, after 
amplification and processing, used to 
drive servo motors which attain a posi- 
tion corresponding to their width. 

In the diagram in Figure 1, the 
pulses arriving at pin PC, are applied 
directly to the T(rigger) input (pin 12) 
of ICjy. This monostable multivibrator 
(MMV) functioning as a reference gen- 
erator is triggered by the leading edge 
of the pulses. The mono time of the 
MMV is determined by time constant 
P;-Rz-C;; the preset allows it to be set 
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1С1 = 4538 
IC2 = 4013 
IC3 = 4538 
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Figure 1. The dual RC switch is provided with a memory formed by a 
D-bistable (IC2, or ІС) which may be used or not with the aid of 


jumper ЈР or ЈРд. 
Parts list 
Resistors: 
2 А; = 100 ко 


Ro, Rg, Во, Во Rig = 22 КО 
Ra, Rs. Ro, Ry 47 КО 

Ry, Rig = 560 Q 

Ав, Ria = 1.5 КО 

P4, Ро = 25 КО preset 





Capacitors: 

C4, Св = 33 nF 

Co, Св = 2.2 uF, 16 V, radial 

Сз, Ca, Cz, Cg-Cyy = 110 nF 
Figure 2. The Og = 10 HF, 63 V, radial 
small printed- Semiconductors: 
circuit board Dy, 02, Dy, Ds, Dg, Ов = 1N4148 
has space for Ds. D; = LED 
ай compo- Ti, T2 = BC547B 
nents, includ- 
ing the relays. Integrated circuits: 

IC,, 1Сз = 4538 

1С = 4013 


Miscellaneous; 

JP4, ЈРз = 2-pin jumper 

JP», JP4 = 3-pin jumper 

Ве, Reo = miniature relay, 5 V or 
6 V, 1 change-over contact for PCB 
mounting. 

Ki, Kp = 3-way screw terminal for 
board mounting 

РС, PC2, РСз = board terminal pin 











Elektor Electronics 6/97 21 





The new С161 mi- 
crocontroller brings 
16-bit processing 
power down to the 
price of a main- 
stream 8-bit micro- 
controller giving a 
15-40 times perfor- 
mance increase 
over a 12MHz 8032. 


In keeping with the low cost, 
high performance standards 
set, Hitex has teamed up with 
Keil and Phytec to produce 
two complete low-cost 16-bit 
development kits specifically 
for the C161 

The КТСОМ161 starter/eval- 
uation kit is based on a new 
Phytec C161 microcomputer 
card and features FLASH 
EPROM, RAM and a complete 
ПО and bus interface. It uses 
the 16MHz C161V which can 
be programmed and de- 


bugged with the inclusive Keil 
C166C compiler and 
HiTOP161/WIN monitor. A 
CD-ROM holds extensive sup- 
port material, including user 
manuals and application 
notes. 

For real project work, the 
PDP161-T kit includes a 161- 
specific version of the existing 
Hitex ROMless in-circuit emu- 
lator plus the C166-derived 





C161C compiler and so con- 
tains all the main elements re- 
quired to develop real C161 
applications. 

АХ161 is a full emulator with 
multi-channel triggering, real 
time trace, full peripheral sup- 
port and the same 
HiTOP161/WIN debugger that 
is bundled with the KiT- 
CON161 evaluation kit. For 
later projects on other C16x 


variants, the AX161 can be 
upgraded to use the bond-out 
emulation chip, as used on 
the  AX166B and the 
T32/KKiT16x emulators. The 
C161C compiler is adapted 
from the Keil C166 compiler 
but has been limited to sup- 
porting only the C161. It has 
all the features of the C164 
and C165. The kit starts at 
£3995, a very similar price to 
a typical 8032-bit develop- 
ment system, and somewhat 
less than other 16-bit systems. 
As part of a complete service 
to C16x users, a two day in- 
troductory course is available 
at Hitex's offices on the Uni- 
versity Of Warwick Science 
Park to provide a thorough 
grounding in C161 program- 
ming and application. 





Warwick Science Park, 
Coventry, CV4 EZ. 
Tel. (01203) 692066, 
fax (01203) 692131. 


(977081) 





Powerline battery isolators 


The new range of 
Powerline Battery 
Isolators from the 
Merlin Equipment al- 
lows simple yet ef- 
fective charging of 
multiple battery 
banks from a single 
alternator or DC 
power source. 


Ideal for use on vehicles or 
charging systems who require 
separate batteries for engine 
starting and ancillary equip- 
ment use. 

Powerline battery isolators au- 
tomatically split the available 
charge between the multiple 
battery banks according to 
their own individual require- 
ments. Therefore Powerline 
Isolators eliminate the need 
for relay systems that wear out 
or ‘1, 2, both & off’ charging 
selector switches which are 
regularly forgotten about, 
often resulting in situations 
where engine(s) cannot be 


A 


started. Powerline isolators will 
not allow overcharging, they 
are a charge splitters not 
charge boosters which are 
often associated with gassing 
batteries. 

New CE approved Powerline 
isolators use new ‘LO- 
LOSS™’ technology which in- 
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cludes highly efficient Schot- 
tky diodes, minimising voltage 
drop usually associated with 


other types of splitting 
diodes/battery isolators. The 
high quality components are 
sealed within a rugged alu- 
minium heat sink making 
these units totally waterproof. 


Unlike some other multiple 
battery charging methods, 
Powerline Isolators are very 
easy to install. The unit simply 
mounts on a bulkhead in the 
engine room, the charging 
cable from the alternator is at- 
tached to the centre bolt on 
the isolator. Cables are then 
run from the remaining bolts 
on the isolator to the respec- 
tive positive battery posts on 
the multiple battery banks. In 
most instances, installation 
takes just 20-30 minutes. 
The Powerline range of Bat- 
tery Isolators from Merlin 
Equipment is available for all 
electrical installations, with sin- 
gle or twin alternators up to 
190 amps with twin, triple or 
quadruple battery bank con- 
figurations. 
Prices of Powerline battery 
isolators start at just £30 ex 
VAT & Carriage. 
Merlin Equipment, 
Unit 1, Hithercroft Court, 
Lupton Rd, Wallingford, 
Oxfordshire, OX10 9BT. 
Tel. (01491) 824333, 
fax (01491) 824466. 

(977084) 
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between 0.75 ms and 1.5 ms. 

The reference pulses generated by 
the MMV are applied to a second 
ММУ, 1С, together with the input 
pulses, The mono time of IC}; is deter- 
mined by time constant R3-C3, which 
is longer than the pulse repetition time 
of 20 ms. However, IC, will be trig- 
gered only if the input pulse is longer 
than the reference pulse. If that is so, 
a debounced high logic level appears 
at the Q-output (pin 6) of IC), If the 
input pulse is shorter than the refer- 
ence pulse, the output of IC), is logic 
low. 

The output of IC), is applied either 
directly or via the memory circuit to 
the base of T}. This transistor drives 
the relay as well as signal-indication 
diode D3, The choice of whether the 
memory is used or not is made with 
jumper JP». 

The memory is formed by 
D-bistable ICa, which is arranged as a 
binary scaler. The bistable is given a 
power-on reset, generated by Rs-C,, 
via D}. The identical reset network 
К-С; may be actuated externally via 
JP. So, if a microswitch is connected 
across the JP, pins, it may function as 
а dead stop for a winch or windlass. 

The lower half of the diagram is 
identical to the upper half, but the 
mono time of Са, may be set between 
15 ms and 23 ms so that the other half 
of the joystick movement can be used. 
This results in another difference, 
namely that the Q-output of ICs, 
is used rather than the Q-output: since 
this is high when the input pulse is 
longer than the reference pulse. 





CONSTRUCTION 

The switch is best built on the printed- 
circuit board shown in Figure 2, This 
board contains all the components, 
including the relays, for the dual 
switch. In view of the density of pop- 
ulation, some dexterity is required in 
the construction, but with a little 
patience and careful attention to Fig- 
ure 2 it will prove not to be too tedious 
after all. 

Mind the polarity of the diodes and 
electrolytic capacitors. Mount the 
upright diodes with the cathode on top. 
The servo cable from the receiver must 
be connected to the pins marked with 
an arrow. Use an insulating sleeve and 
provide some strain relief: this may be 
done by winding the cable around the 
solder pin a couple of times. 

The switch is best housed in a plas- 
tic case. In view of the small dimen- 
sions of the board, finding a suitable 
case should not prove difficult. 

Power is derived from the 4.8-V bat- 
tery supplying the receiver. The cur- 
rent drawn by the switch is largely 
that required by the relays: the ICs 
need only a few milliamperes. 

1970045) 
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CONSTRUCTION GUIDELINES 


Elektor Electronics (Publishing) does not provide parts and components other 
than PCBs. fornt panel foils and software on diskette or iC (not necessarily for 
all projects). Components are usually available form a number of retailers — 
see the adverts in the magazine, 


Large and small values of components are indicated by means of one of the 
following prefixes 


Е texal 


M (mega 

k alo: 
в (песо 
da (деса 


In some circuit diagrams, to avoid confusion, but contrary to IEC and Bs recom- 
mandations, the value of components is given by substituting the relevant pre- 
fix for the decimal point. For example. 

39 = 3.9 kO du] = АЛЫЕ 


Unless otherwise indicated, the tolerance of resistors is +5% and their rating 
is Ц-И watt, The working voltage of capacitors is 2 50 V. 


The value of a resistor is indicated by a colour code as follows. 


color Ist digit 2nd digit mult, factor 


black - - 

brown x10! 

red x10? 

orange 3 3 x10 
| yellow хин 

green 5 5 x10 

blue x10 

violet. 

grey 

white 

gold 

silver 

none 


Examples 
brown-red-brown-gold = 120 Q, 5% 
yellow-violet-orange-gold = 47 КО, 5% 


In populating a pes, always start With the smallest passive components, that 
is. wire bridges, resistors and small capacitors; and then 1C sockets, relays, elec- 
trolytic and other large capacitors, and connectors. Vulnerable semiconductors 
and ics should be done last 


Soldering. Use a 15-30 W soldering iron with a fine tip and tin with a resin 
core (60/40) Insert the terminals of components in the board, bend them 
slightly, cut them short, and solder: wait 1-2 seconds for the tin to flow 
smoothly and remove the iron. Do not overheat, particularly when soldering 
ics and semiconductors. Unsoldering is best done with a suction iron or spe~ 
cial unsoldering braid. 


Faultfinding. If the circuit does not work, carefully compare the populated 
board with the published component layout and parts list. Are all the compo- 
nents in the correct position? Has correct polarity been observed? Have the 
Xowerlines been reversed? Are all solder joints sound? Have any wire bridges 
ееп forgotten? 
If voltage levels have been given on the circuit diagram, do those 
measured on the board match them — note that deviations up to +10% from 
the specified values are acceptable. 





Possible corrections to published projects are published from time to time in. 
this magazine. Also, the readers letters column often contains useful com- 
ments/additions to the published projects. 
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focus on: 
mains-noise suppression 


Design and function of mains filters 


When the loud- 
speaker of your audio 
installation crackles 
or your computer 
gives problems, the 
cause may lie in dis- 
turbances on the 
mains supply. These 
may be suppressed 
by special mains fil- 
ters, which also pre- 
vent any noise from 
your installation get- 
ting on to the mains. 


By our editorial staff 
2826 
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INTRODUCTION 

In spite of EEC legislation restricting 
the electro-magnetic interference 
exported by electrical and electronic 
appliances and setting a standard of 
imported interference with which 
such appliances must be able to cope, 
mains filters proliferate as the number 
of electrical appliances in the average 
household increases. It is not that such 
equipment is of poor quality, but 


c 


coupling paths 


mains 
coupling 


rather because of the complexity of 
much of it, such as computer adjuncts, 
which are in use all day long, 

A further source of interference 
arises from the use of the mains sup- 
ply network for mains signalling - MS. 
This superimposes signals on the 
mains in the frequency band from 


Figure 1. Various 
coupling paths. 
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3 KHz to 150 kHz. Unfortunately, this 
is also the frequency band in which, 
for instance, switch-mode power sup- 
plies, variable speed motor drives, 
induction heaters, and fluorescent 
lamp inverters operate. 

Mains filters are therefore indis- 
pensable in many circumstances. Irre- 
spective of whether such filters are 
intended to suppress exported or 
imported noise, they are called mains 
filters. 


NOISE COUPLING AND 

TYPES OF NOISE 

There are various paths via which 

noise can be coupled from a source to 

à victim (= electrical appliance) and 

these are shown in Figure 1. 

Mains coupling means of course 
the coupling of noise via the mains 
supply lines. The mains filters 
described in this article are suitable for 
combating this type of interference. 

The suppression of radiated noise 
requires different means, such as 
screened cables and shielded enclo- 
sures. 

Noise sources within an appliance 
or circuit cause interference by capac- 
itive and inductive coupling (together 
also called common impedance cou- 
pling). Examples are the coupling 
capacitance of a mains transformer 
and the inductive coupling resulting 
from parallel wires or tracks on a cir- 
cuit board. Noise resulting from such 
couplings may, however, easily be pre- 
vented from entering the mains sup- 
ply by a suitable filter at the point 
where the mains cable is connected to 
the appliance. 

Typical disturbances on the mains 
electricity supply are: 

* Voltage fluctuations. These are fluc- 
tuations with small amplitudes 
against which filters are virtually 
ineffective; the only remedy lies in 
the use of (magnetic) regulators 
and uninterruptible power sup- 
plies. 

* Voltage variations. The mains net- 
work has a finite source impedance 
and varying loads affect the termi- 
nal voltage. Not including voltage 
drops within the customer's 
premises, the nominal mains volt- 
age in the UK is 230 V with a toler- 
ance of +10%, -6%, From 1 January 
2003, the nominal voltage will be 
230 V with a tolerance of +10%. 

+ Voltage interruptions. Faults on the 

mains supply may cause drops of 

almost 10076, but these are cleared 
quickly and automatically by pro- 
tection devices. 

Waveform distortion. At source, the 

a.c. mains is generated as a pure 

sine wave, but the reactive imped- 

ance of the mains network together 
with the harmonic currents drawn 
by non-linear loads causes voltage 
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2 noise source 





distortion. 

* Transients and surges. Switching 
operations generate transients of a 
few hundred volts as a result of 
current interruption in an inductive 
circuit, These transients normally 
occur in bursts and have risetimes 
of no more than a few nano-sec- 
onds. 

* Superimposed rf signals. Radio fre- 
quency signals and their harmonics 
at frequencies up to 1 GHz super- 
imposed through radiated cou- 
pling. 





All these sources of disturbance can 
cause malfunction in systems and 
equipment that do not have adequate 
protection. 

It is important to appreciate the dif- 


electrical equipment 





differential mode current. 


соттоп mode current 970017 -12 
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— common mode current 
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type, whereas those above about 
500 kHz are normally common mode. 


FILTERING 

It is not possible to completely elimi- 
nate noise exported or imported along 
connecting leads. All that filtering can 
do is to attenuate exported noise to a 
level at which it meets a given specifi- 
cation, or imported noise to a level at 
which it does not result in system mal- 
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ference between common mode and 
differential mode noise currents. Dif- 
ferential mode current – see Figure 2— 
is the current that flows in one direc- 
tion along one cable conductor and in 
the reverse direction along another. 

Common mode current flows 
equally in the same direction along all 
conductors in the cable. 

Disturbances below about 500 KHz 
are generally of the differential mode 
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function. The design of mains filters is 
distinguished from conventional filter 
design in that the filter elements are 
purely reactive, because in the stop 
band the filter should be as lossy as 
possible. 


FILTER ELEMENTS 

The most frequently used element in 
mains filters is the current-compen- 
sated choke, which consists of two 


identical windings on a high perme- 
ability toroidal core—see Figure 3. As 
in a transformer with two windings 
that are wound in opposition, differ- 
ential currents (line to neutral) cancel 
each other. This means that only the 
leakage inductance will attenuate dif- 
ferential mode noise. Since therefore 
the risk of saturation caused by the 
mains supply current, even with a 
high permeability core, is small, high 
currents with relatively small-dimen- 
sion chokes are possible, 

With common mode interference, 
however, the currents in the windings 
flow in the same direction, so that the 
induced flux in the core is the sum of 
the fluxes induced by each separate 
winding. This means that the full 
inductance of each winding is avail- 
able to attenuate common mode cur- 
rents with respect to earth. The value 
of the capacitors between the phase 
and neutral lines and the earth line 
can therefore be kept low. 

The X and Y in the subscripts (infe- 
riors) of the capacitors indicate that 
they are manufactured to BS 6201 Part 
3 (IEC384-14). Class X and Y capacitors 
are sub-divided into categories X1-X3 
and Y1-Y3, where category 1 has the 
most demanding specification, partic- 
ularly as regards the ability to cope 
with pulses (X1: 4 kV and Y1: 8 kV) 
and life expectancy. 





FILTER CIRCUITS 

The simple network in Figure 3 is the 
most popular mains filter for use in 
single-phase systems. It is also used 
integrated in a mains outlet (Figure 4). 

Capacitors Cy attenuate common 
mode interference and, if Cy is large, 
have no significant effect on differen- 
tial mode noise. Capacitors Cy atten- 
uate differential mode noise only and 
may have fairly high values. This type 
of filter is, therefore, suitable for the 
suppression of common mode noise at 
frequencies 2 500 KHz. 

Capacitors Cy cannot have very 
high values because of the limits of the 
permissible continuous current that 
may flow in the earth line, owing to 
the mains operating voltage existing 
across Cy. Class X capacitors are not so 
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limited, but may be used only where 
their failure does not lead to a poten- 
tial shock hazard. 

The filter action may be improved 
by the use of a choke in the earth line. 
However, only special IEC approved 
types may be used there because of 
their importance to the overall safety 
of the filter. These chokes are invari- 
ably wound on small toroidal cores. 
Since the normal current through 
them is small (actually the current 
through the Y-capacitors) toroids with 
very high permeability may be used. 

if the relative high-value X-type 
capacitors are not discharged quickly 
enough by the appliance after the 
mains has been disconnected, they 
should be shunted by a resistor of 
0.5-1.0 MQ. The voltage rating of the 
resistor should be commensurate with 
the capacitor potential. 

Such a shunt resistor is used in the 
filter in Figure 5. This is a 2-stage net- 
work that meets stringent requirement 
for the suppression of common mode 
noise. It is especially suitable for use in 
switch-mode power supplies. 





If differential mode noise needs to 
be suppressed, the 2-stage filter in Fig- 
ure 6 should be used. Note that in con- 
trast to the network in Figure 5, the 
choke in the second section is not cur- 
rent-compensated. 

If the current-compensated choke 
in the first stage is a high-inductance 
(10-15 mH) type, the filter may be 
used for the suppression of both com- 
mon mode and differential mode 
noise. The (not current-compensated) 
choke in the second section should 
have a value of 0.2-1.0 mH. Chokes 
that are not current-compensated 
must have an air gap to prevent the 
core becoming saturated when high 
currents flow through the winding. 

A filter that meets the most strin- 
gent requirements is shown in Fig- 
ure 7. This is a 3-stage network that 
suppresses common mode and differ- 
ential mode noise as well as rf. inter- 
ference. 

Stage 1 is a differential mode filter 
that uses a standard 0.1-0.5 mH choke, 
whereas stage 2 is a common mode fil- 
ter that employs a current-compen- 
sated choke of 4-20 mH. Overvoltage 
protection is provided by a varistor: 
the first stage supplies the di/dt limit 
for this. 

Stage 3 has separate rf. chokes of 
about 34H in each of the mains lines. 
This section provides common mode 
as well as differential mode noise sup- 
pression at frequencies up to 300 MHz. 

Figure 8 gives the suppression vs 
frequency characteristics of various 
types of filter. They are obtained with 
commercial (Timonta) filters operating 
with nominal currents of 2-4 A. 

Depending on the application, a 
wide variety of filters may be designed 
on the same basis as the few intro- 
duced in this article. Note that the cur- 
rent rating will depend on that of the 
choke used. 

In principle, filters for three-phase 
mains supplies are constructed in the 
same way as those for single-phase 
systems—see Figure 9. Of course, the 
number of chokes and capacitors is 
increased in proportion to the number 
of lines. The chokes are always in 
series with the mains lines, X-type 
capacitors are connected between the 
L(ive) (phase) and N(eutral) lines, and 
Y-type capacitors between the L(ive) 
(phase) or N(eutral) line and the 
E(arth) line. 

Multiple — current-compensated 
chokes are available for use in three or 
four lines. (97wn7] 
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ial-data devices. Each 
can be configured to 
perform as either the 
transmitter (encoder) 
or the receiver 
(decoder) in a remote 
control system. 


GENERAL DESCRIPTION 
The TRC1300 and TRC 1315 are low- 
power devices well suited to battery 
operation with a supply voltage of 
2.7-6 V for the TRC1300 and 27-15 V 
for the TRC1315. 

Four functions allow control of 16 
devices. Forty bits of stored code pro- 
vide high security, more than 240 pos- 
sible combinations, so that the same 
code will never be used twice by a 
MARCSTAR™ device over several life- 
times of a typical system. The MARC- 
STAR" devices are self-programming 
with internal charge-pump program- 
ming circuitry. A decoder design learns 
up to four different encoders, all in a 
high-security hopping-code format. 

MARCSTAR devices include several 
on-chip functions that normally 
require additional circuitry in a system 
design. These include an amplifier/ 
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or received security code. 


PRINCIPLES OF 
OPERATION 

Operation of the MARCSTAR devices 
is shown in Figure 2. The devices have 
two primary modes of operation 
transmitter (encoder) mode and 
receiver (decoder) mode. Additional 
modes and functions include pro- 
gramming and learning mode, self- 
testing mode, code generation, and 
clock generation, 

ach of the devices can be pin- 
selected for operation either as an 
encoder on the transmitter end of a 
remote control system, or as a decoder 
on the receiver end. The intervening 
medium сап be a wired, rf, IR, or any 
other type of link with 





different functions at the receiver. 

Once a receiver (decoder) learns a 
security code from a transmitter, it 
responds to that particular encoder 
only, A MARCSTAR device operating 
as a decoder can learn and respond to 
as many as four different transmitters 
and provides four independent func- 
tion outputs. These outputs can be fur- 
ther decoded (externally) to provide a 
1-of-16 function output. 


Hopping code 
MARCSTAR devices use a hopping- 
code algorithm to significantly increase 
the security level of the system. The 
security code transmitted and the secu- 
code accepted as valid by the 
ver change after each transmis- 

sion. This is done inde- 







Figure 1. Functional 
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pendently for each of the four learned 
transmitter codes in the receiver 
(decoder) 

As à transmitter, the MARCSTAR 
device is provided in the factory with 
а unique 40-Би security code stored in 
an on-board EEPROM. Since each 
device has a unique code, it is ready 
tor immediate use and requires no 
programming. Each time the trans- 
mitter button is pressed for any of the 
four functions, the 40-bit security code 
is fetched from the EEPROM and 
encrypted, Next, the encoder assem- 
bles the data frame to be transmitted 
and sends it out. The data frame con- 
sists of the synchronizing bits, the 
encrypted security bits, the function 
data bits, a dummy bit, and the blank- 
time bits. After the transmission ends, 
the encoder increases the 40-bit secu~ 
rity code by applying the hopping- 
code algorithm to it and then stores 
the results in the EEPROM for the next 
transmission, So, each time a trans- 
on is initiated, the 40-bit security 
code that is sent is different from the 
security code in the previous trans- 
mission. With more than 24" possible 
combinations, the same code is never 
repeated over the lifetime of a sys 

As a receiver, а MARCSTAR initially 
learns the 40-bit security code stored 
in a particular encoder by receiving it 
and storing it in an on-board EEP- 
ROM. Each time a valid security code 
is received from a learned transmitter, 
the device decrypts the received 40-bit 
security code and compares it with the 
next security code expected from that 
transmitter, The next expected security 
code is calculated by applying the 
same hopping-code algorithm used in 
the transmitter to the 40-bit code 
stored in the receiver memory, If the 
received security code matches the 
next security code expected from the 
encoder, it is declared yalid and the 
attached function code is decoded. If 
the function code is valid, the appro- 
priate function output or outputs are 
asserted. The just-received 40-bit secu- 
rity code is then increased according 
to the algorithm, becoming the next 
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security code expected from the trans- 
mitter, and stored in the EEPROM for 
next time, If the received security code 
does not match the next expected code 
from the matching encoder, the 
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received function data and security 
code are ignored. 

Because the receiver only actuates 
function outputs when the next 
expected code in the hopping-code 
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sequence is received, interception and 
subsequent retransmission of the same 
code does not actuate the receiver. 

Hopping-code provides extremely 
high security for the transmitter/ 
receiver pair and prevents unautho- 
rized access to the receiver by means 
of signal interception and retransmis- 
sion of the intercepted signal. 


‘Transmitter (encoder) mode 

The encoder mode operational flow 
chart is shown in Figure 3. When a 
button on the transmitter is pressed, 





Frame Data (192 ВИ) 
40 Symbola (120 bit 


Data Packet 1 


Blank-Time (160 Bits} 













460 Zero-Bite 


Dits Packet t ‘Dummy Pulse (1 Bl 


anon 


the device sends a maximum of 360 
frames of data. Function data is sent in 
two 12-bit packets. The first function- 
data packet is derived from the first 
sample of the buttons ($5) immediately 
after the 40-bit security code (see Fig- 
ure 4). When valid function data has 
been received in the first packet, but 
the second packet in a frame contains 
different function data (caused by a 
second button being down at sample 
2 time), both data packets are dis- 
carded and the receiver function out- 
puts remain in their previous state. 
The rate of the transmitted data is 
variable from 500 На to 5kHz 
(adjustable using an external resistor 
and optional capacitor) so that the 
time to send one frame of data (193 
bits) varies from 386 ms to 38.6 ms. 
When 360 frames have been sent, the 
device stops. This is to prevent indefi- 
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nite code transmission (and battery 
depletion) when a transmit button is 
held down continuously, and increases 
the opportunity for the receiver to 
detect the transmitted code. The 
receiver actuates a function output on 
the first valid received code. The data 
portions of the transmitted frames are 
separated by one 'dummy pulse' and 
150 data clock cycles. This gives a 
lower effective frame duty factor, so 
that the average power output of an 
interfaced rf. oscillator is reduced, and 
higher peak power can be used for 
increased range. 


Decoder mode 
The MARCSTAR decoder mode oper- 
ational flow is shown in Figure 5. 

In the receiver (decoder) mode, the 
device receives serial data from input 
terminal DIN/DOUT. The input data 
signal is first passed through the inter- 
nal amplifier/comparator for signal 
conditioning before being decoded 
and compared with the four 40-bit 
security codes stored in the EEPROM. 
When а match is found with one or 
more frames, the appropriate function 
output terminals are enabled. The 
receiver actuates a function output 
only when two identical function data 
packets are received in the same 
frame. The function output remains 
active for a minimum period of 768 
data clock cycles, which can range 
from 154 ms to 1.54 s, depending on 
the clock frequency used. At a 1 kHz 
data clock rate, for example, a function 
output is asserted for a minimum of 
768 ms. The receiver keeps the appro- 
priate output terminals active as long 
as it receives a valid code, and through 
the blank time between frames, which 
is 150 clock cycles. The function out- 
puts go inactive when invalid function 
data code is received. 

Configured as a decoder, the device 
samples the incoming serial data at 10 
times the expected transmitted data 
rate. As each symbol is sampled, an 
integrator determines if it represents a 
1 ога 0 by the total number of high 
and low samples. A high symbol (110) 
has a high level for about two-thirds 
of the symbol period, while a low sym- 
bol (100) is high for only one-third of 
the symbol period. Therefore, if five or 
more out of eight of the samples are 
high, the symbol is decoded as a 1, and 
if three or fewer of the samples are 
high, the symbol is decoder as a 0. The 
symbol format also improves synchro- 
nization of the decoder with the 
incoming serial data. A transition from 
low to high always signifies the begin- 
ning of a symbol. 

The method of synchronization 
employed by MARCSTAR devices 
uses a precode sync pattern that pre- 
cedes the security and function data 
portions of each frame sent by the 





transmitter. The precode consists of 24 
pulses with a duty factor of 0.5, each 
being high ог low for one period of 
the data clock. This equates to a total 
of 48 bit times. 


Amplifier/comparator 

А representation of the amplifier/com- 
parator section of the MARCSTAR 
devices is shown in Figure 6. This cir- 
cuit is used to amplify and wave-shape 
low-level input signals to logic levels 
for input to the shift registers. Internal 
components R; and С form a refer- 
ence-setting (autobias) network, whose 
time constant is about three symbols, 
or 12 bits of code. 

Components Кз and С) form a low- 
pass network with a time constant 
equal to about one tenth of one DCLK 
(data clock) period, so that high-fre- 
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quency transients are attenuated 
before reaching the comparator. 

The amplifier/comparator is imple- 
mented wit advanced switched-capac- 
itor technology. This is done for two 
reasons. First, since the TRC1300 and 
TRC1315 are variable frequency, the 
values of Ry, К, Су and C; must 
change depending on the received 
data rate. Since they are switched- 
capacitor design, the filter characteris- 
tics scale depends on the oscillator in 
the receiver device, which must match 
the transmitter oscillator frequency. 
With this arrangement, the ampli- 
fier/comparator functions at all 
received code data rates. The second 
reason is the increased accuracy and 
precise filter response that ensue. 


EEPROM stored-code format 
The EEPROM contains four banks that 
are used for 40 bits of security code for 


each of the four channels, and 32 addi- 
tional bits (8 bits per channel) for error - 
detection. The total memory is 192 bits. ( 
When the device is configured as a 
decoder, the EEPROM banks store up 
to four learned 40-bit security Я 
when the device is configured asa 
transmitter, only the first bank of 40 
bits is used for the security code. 


Oscillator 

An internal variable-rate clock runs at 

the SCLK (sample clock) frequency, 

and is adjustable from 5kHz to 

50 kHz. The DCLK (data clock) is. 
derived from the SCLK so that both. 

clocks are synchronous. The DCLK 

runs at one-tenth the speed of the 

SCLK and clocks the transmitted data 

at a rate varying between 500 Hz and 

5 KHz. The SCLK is used to sample the 

received data at 10 times the received. 

data rate. The high sampling rate in 

the receiver combined with the sym- 

bol code format and the internal sig- 

nal-conditioning amplifier circuitry - 
provide accurate correlation of the 

received signal. The SCLK frequency 

is set by an external RC network. 


Test mode 

The TRS1300 and TRC1315 devices аге 

equipped with a self-test function that 

checks the RAM, ROM and EEPROM. 
1970049] 
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The earth-leakage 
meter is suitable for 
use where direct 
earthing is impractica- 
ble and where the 
protective multiple 
earthing (PME) sys- 
tem* is not in use. 
Since this system is 
normally used in all 
domestic premises in 
the United Kingdom, 
the meter is mainly of 
benefit in locations 
such as garages, 
workshops, and out- 
houses, where damp 
conditions are likely 
and portable appli- 
ances may be used. 


*see box 2 
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INTRODUCTION 

An electrical appliance is connected to 
the domestic mains supply to obtain 
electrical energy for the operation of 
an inbuilt motor, compressor, heating 
element, lamp, or electrical circuit. 
Since the neutral point of most low- 
voltage mains systems (in the United 
Kingdom) is earthed (so that a voltage 
exists between earth and the other 
pole or poles), it is necessary for non- 
current-carrying metalwork of wiring 
systems and exposed metalwork of 
electrical appliances to be earthed (IEE 
Regulations 13-8), except in certain cir- 
cumstances (IEE Regulations 471-26), 
such as in the case of a double-insu- 
lated appliance, 

Where direct earthing is impracti- 
cable, and where the PME system is 
not in use, it is advisable to check the 
electrical soundness of an appliance 
with the earth-leakage meter, (In the 
UK, also make sure that the IEE Regu- 
lations are not contravened). 


CIRCUIT DESCRIPTION 
The circuit diagram of the earth-leak- 
age meter is shown in Figure 1. In 
essence, it is based on the measure- 
ment of any imbalance between the 
phase (live) and neutral currents. For 
this purpose, the phase and neutral 
conductors act as two separate wind- 
ings of a toroidal transformer core 
(Ir); the secondary winding is con- 
nected as shown in the diagram. Nor- 
mally, the currents in the phase and 


1 If direct earthing or the PME system is used, the relevant fuse or circuit breaker would 


neutral windings are equal and oppo- 
site, so that no flux will be induced in 
the core and no current flows in the 
secondary winding. When an earth 
fault occurs in an installation where 
direct earthing or the PME system is 
not used, the leakage current returns 
direct to the substation without pass- 
ing through the neutral windingt. The 
currents in the phase and neutral lines 
therefore become unbalanced by an 
amount equal to the leakage current 
and this results in a secondary current 
in Ту. Since the secondary winding 
consists of 40 turns (each of the pri- 
maries only one), the current in the 
secondary winding is }40 of any 
detected leakage current. This attenu- 
ation is, of course, taken into account 
in the meter circuits. When switch 54, 
is in position 1 or 2, the measurand 
(that is, secondary current) is raised to 
the correct level by op amps IC), and 
Ei 

In position 3, an additional trans- 
former, Tr», is used. The primary wind- 
ing of this transformer has 2 turns and 
а secondary winding of 20 turns. This 
means that any leakage current is fur- 
ther reduced by a factor 10. Diodes 
D;-D, serve a double function: (а) 
they limit the secondary voltage to a 
safe value should IC; fail and (b) they 
are free-wheeling devices when $} is 
changed over When that happens, 
voltage peaks are caused by the 
energy stored in the transformer core. 

Operational amplifier С is 
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TR2: 1-2: 2turns 
3-4: 20 turns 









arranged as a current-to-voltage con- 
verter. It ensures that the secondary 
voltage is always 0 V. 

Op amp IC;, functions as an active 
rectifier. It is designed to provide a 
voltage amplification of х2.35 or 
х23.5, depending on the position of 
51. Preset Ру makes possible a setting 
range of +25%. In conjunction with 
the op amp, diodes D;-Dg provide 
full-wave rectification of the amplified 
measurand. 

Opamps Сър and 1С, form a 
buffered differential amplifier which 
measures the potential across К or Ry. 

The output voltage of IC, exists 
across C». When switch S; is open, this 
capacitor functions as an analogue 
peak detector. Resistor Ку prevents 
the detector responding to small sig- 
nals. With values as specified, the 
detector is operating at the correct 
level within 5 ms, i.e., a quarter of the 
period of the mains voltage. When Sz 
is closed, the hold function ceases 
since C3 is then discharged via Ry}. 

The LED display is driven by IC3, 
which is a ready-made display driver 
controlled by the output signal of the 
preceding circuit via its SIG pin. An 
internal reference source, Vpep, pro- 
vides a calibrated LED drive. The ref- 
erence voltage, available at REFOUT, is 
also used to provide an auxiliary volt- 
age of 3.9 V. This is done with the aid 
of од which is arranged as a d.c. 
amplifier with an amplification of 
about x3. This auxiliary voltage makes 


instantly blow or cut out, as the case may be. 


7 =1тА per LED. 
8 = 10mA per LED 
= 100mA per LED 
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possible а dual supply from only one 
9-V battery 

Diode Dz) provides protection 
against incorrect polarity. 


CONSTRUCTION 
The prototype meter was built on the 
two-section PCB shown in Figure 2 
and housed in a suitable PSU case 
with integral mains plug and a mains 
socket added on a trailing cable. This 
enables the meter to be inserted 
between the suspect equipment and a 
mains outlet 

Separate the display section from 
the combined board and cut away the 
corners from the mother board. 


2 


Figure 2. Printed-cir- 
cuit board for the 
earth-leakage meter. 
Before any work is 
done, the display 
section must be 
separated from the 
mother board. 


Parts list 


Resistors: 








Ry; = 47 МО 
Rip = 100.2 

Ria = 100 КО 
RF is = 39 КО 


5 
Ру 1 КО preset 


Capacitors: 
220 UF, 10 V, radial 

HF metallized polyester 
100 pF, ceramic 
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Wind the transformers on the spec- 
ified toroidal cores and note from the 
mother board where the turns of Tra 
will be located. In the case of Tr), the 
turns of the secondary winding are 
evenly divided across the core. It may 
prove useful to secure the windings in 
place with araldite or superglue after 
the transformers have been soldered 
into place. 

The current to be measured flows 
through the phase and neutral wires 
that come in via the integral plug and 
are looped over the core of Tr, and 
returned to the trailing socket. The 
holes necessary for looping the wires 
in this way have already been drilled 





C, = 10 uF, 10 V, radial 
СБ = 100 uF, 16 V, radial 
Св-Св = 100 nF, high stability 


Semiconductors: 
*D,, Ог = 1N4001 
Ds, Da, Dg, Озо = 1М4148 
05-08 = ВАТ85 
D1o-D:g = LED, red, high efficiency 
Integrated circuits; 





2 
1Сз = LM3914N 


Miscellaneous: 
Tr; = secondary 40 turns of 0.8 mm dia 
enamelled copper wire on toroidal core, 
Philips Type 4330.030.3753 (АТ = 10 
HH) - for primary, see text 





in the board. Note that the earth wire 
should be continous from entry plug 
to trailing socket. The completed pro- 
totype is shown in Figure 3. 

Mount the display about 40 mm 
above the mother board with the aid 
of spacers. The most useful kind of 
spacer is that with a screw-thread at 
both ends or at one end and a tapped 
hole at the other end 

Mount the LEDs about 20 mm 
above the display board, but check 
before soldering them into place that 
they are slightly higher than the top 
cover. If so, they will fit nicely into the 
holes that are to be drilled into the 
front panel at a later stage. 








4 
2 


















То = primary 2 turns of 0.8 пт dia 
enamelled copper wire; secondary 
20 turns of 0.8 mm dia enamelled cop- 
per wire on toroidal core, Philips Type 
4330.030.3753 (А1 = 10 uH) 

S, = rotary switch, 3-position, 4-pole 

S2, $4 = mini toggle switch, 1 make 
contact 

Bt, = 9-V alkaline battery 

PSU box with integral plug 
(120x65x66 mm). Suitables cases to 
UK, US and European standards are 
available from Bopla [in UK repre- 
sented by Phoenix Mecano Ltd, 6-7 
Faraday Road,Aylesbury HP19 3RY, 
England, Telephone +44 (0)1296 
398 855] 

PCB Order по. 970046. 
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The two boards are interlinked by 
a short length of 4-way flatcable. 
Next, drill suitable holes in the top 






lid of the enclosure for the rotary 
switch, the ten LEDs, and the hold 
switch. The illustration in Figure 4 is 
a good guide for this work. The on/off 
switch is fitted at one of the short sides 
of the enclosure (see also Figure 4). 
Screw the boards tightly into the 


mains supply earthing in 
the United Kingdom 


In the United Kingdom, the consumer's 
main earthing terminal is connected by 
the electricity board to the neutral con- 
ductor at the meter position on the con- 
sumer's premises. This means that a 
phase to earth fault becomes a phase to 
neutral fault. With protective multiple 
earthing (PME), as normally applied in 
the UK, the wiring on the premises to 
lighting points, socket outlets, and so on, 
is normal, that is, the earth and neutral 
lines are kept separate for all wiring on 
the consumer's side of the consumer 
unit. All exposed metalwork on the 
premises must be bonded to the main 
earthing terminal. This is vital so as to 
prevent any difference in voltage 
between the metalwork of electrical 
appliances and any other extranelus met- 
alwork should a break in the neutral 
occur outside the premises. 

The neutral line is usually connected 
by the electricity board to earth elec- 
trodes at a number of points along the 
route: this ensures that the neutral is 
earthed even if a break occurs along the 
route. 

The great advantage of PME is that 
a metallic path of very low impedance is 
provided back to the transformer neutral 
points, and this means that the con- 
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зитегз overload protective devices will 
normally operate when a phase to earth 
fault occurs. Another big advantage is 
that this path is continuously monitored 
since a break in the neutral will be imme- 
diately noticed. 

In each consumer's installation, the 
protective conductors are brought back 
to an earthing terminal in the usual way, 
but the earthing lead (which must be 
insulated) is connected to the neutral- 
supply terminal by the electricity board. 
No fusible cut-out, automatic circuit 
breaker, removable link or single-pole 
switch must be included in the neutral 
conductor (or any conductor which is 
connected to the neutral conductor) on 
the consumer's side of the supply termi- 
nals. This applies, of course, to all sys- 
tems, whether PME or not. 

Earth-leakage circuit-breakers 
(ECLBs) are used where direct earthing 
is impracticable and where the PME sys- 
tem is not in use. They are also often 
used to provide extra protection in loca- 
tions such as garages, workshops, and 
out-houses, where damp conditions are 
likely and portable appliances may be 
used. They are available as separate 
units or combined with socket-outlets. 
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enclosure. Secure the 9-V battery 

with nylon cord to the spacers on 

which the display board is 
mounted, 


CALIBRATION 

A 9-V a.c. source such as a 

bell transformer and a 1kQ 
resistor are required for the 
calibration. Connect the resis- 
tor in series with one of the. 
the primary windings of Tr 
and apply the 9-V a.c. voltage 
across this winding so that a 
current of 9 mA flows through it. 
Switch on the circuit with $3, disable 
the hold function with 5: and set $} 
fully anti-clockwise (meter range 
1-10 mA). Adjust P, until Djs, the 
penultimate LED, just begins to light. 
That's all! 

Remove the a.c. source and 1 КО 
resistor, reconnect the mains leads as. 
required, and screw the lid on the 
enclosure. 1970046] 


: 


4. Suggested 
panel for the 
meter. 
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EARTH - LEAKAGE METER 
x1 X10 x 100 


ТОтА 
9mA 
8mA 
7mA 
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items in Elektor Electron- 
— lots of hardware and 


‘of ready-made boards is cur- 
ly available based on the BASIC 
p, РИС, В7С51З, 6BHCI1, 2180 and 


| purposes or experiments — 
-of course, intended for use as 

tral control element in a certain 
‘system, Elektor Electronics, 

its penn'orth of proces- 

troll circuits and boards 
800552, 80C535, PIC, PLC, 


and 80C537), backed by a 
WE Mae courses. It is 
that a vast amount of 
Interesting or plain amusing 
and hardware has been 
In which a microcontroller 


licroprocessors and microcontrollers are among 
! most popular subjects as far as many read- 
s of this magazine are concerned. That's 
why we invite everyone dealing with micro- 
сеѕзогѕ and microcontrollers to send 
jis/her software and/or hardware, 
d so participate in the Contest to 

officially launched in next month's 


bler or simulator is just as wel- 
е as a practical hardware application 
popular processor board. As with last year's 
ig у successful competition, all prize-winning entries 

| Бе collected and published on a CD-ROM. 


plays a crucial part. If you have any- 
thing in this field which you feel may 
be of interest to other readers, let us 
know; and participate in the Contest. 
You may win a great prize! 


WHAT ARE WE LOOK- 
ING FOR? 

This Contest is all about that micro- 
controller or microprocessor for which 
you have developed software and/or 
hardware. The emphasis is on origi- 
nality and practical realization. There 
are no special requirements as far as 
the hardware is concerned. You may 
either use an existing board, a home- 
made system or an Elektor Electronics 
design. As regards software, we are 
not just interested in the control pro- 
gram executed by the processor, but 
also in the associated PC software, if 
used. A few examples: a stand-alone 
microprocessor board controlling the 


00, 
o, 
LN 
00, 


domestic heating system; an emulation 
program which ‘replaces’ a certain 
processor on a board; a PC simulation 
program mimicking the operation of a 
complete processor board; an assem- 
bler or a debugger (in the last three 
cases, no hardware is used), When 
hardware is included, the components 
should be generally available (no eso- 
teric types, please). Computer pro- 
grams should work on a PC running 
DOS or Windows. 

AII Contest entries will be judged by 
a jury consisting of members of the 
international editorial and design staff, 
who look forward to being inundated 
with your submissions. 

Do not miss the July/August 1997 issue 
of Elektor Electronics, which will contain 
the official conditions for participating 
in the 1997 Microprocessor Contest , as 
well as an overview of the prizes to be 
won. (rem 
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Virtually alongside of the steady increase in the num- 
ber of applications using serial EEPROM memories, 
there is a growing need among technicians and 
hobbyists to read, modify and copy the contents of 
these inexpensive and widely available parts. 





mini programmer 
for serial EEPROMS 





Family likeness ... 

#5 no coincidence that the circuit dia- 
gram shown in Figure 1 bears great 
resemblance to that of the Mini PIC Pro- 
grammer described elsewhere in this 
supplement. The reason is that both cir- 
cuits are controlled by the same soft- 
ware, PIPO2, whose 'Select device' menu 
offers many EEPROM memory devices 
which are compatible with the 12C bus 
protocol (notably the 24Cxx devices). 
Let's start by noting that the PIPO2 soft- 
ware is in a provisional version, and that 
future releases may offer support for 
additional memory families. Space has 
already been reserved for them in the 
menus! 

Like PICs, РС memories communicate 
with the programmer via a data line 
(SDA) and a clock line (SCL), without the 
need for any voltage greater than 
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5volts, Consequently, the strict require- 
ments on the RS232 port as mentioned 
in the Mini PIC Programmer article do 
not apply here. 

Thanks to the use of a 7805 voltage 
regulator and two 4.7-V zener diodes, 
none of the device pins can be 
drawn to a negative potential, or one 
exceeding 5V, even in the presence 
of an RS232 port employing (as it 
should) voltage swings of plus and 
minus 12V. 

To prevent electrostatic discharge 
(ESD) potentials, it is tecommended as 
well as practical not to insert or 
remove an EEPROM if the programmer 
is not connected to the PC. So, always 
connect the programmer to the PC 
before launching a program or read 
operation, and disconnect the hard- 
ware after that. 





Construction matters 

The mini EEPROM programmer is built 
on a printed circuit board having the 
same dimensions as the one for the PIC 
programmer. The track layout is shown 
in Figure2, the component mounting 
plan, in Figure3. The present board 
contains even fewer parts than the that 
for the PIC programmer. Having identi- 
cal 9-way sub-D connectors, the two 
programmer boards are interchange- 
able. 

As on the PIC programmer board, it is 
recommended to use a turned-pin 
socket rather than a ZIF socket (few and 
far between in an 8-pin version, and 
relatively expensive). 


Practical use 


No matter if you want to work with PICs 
or EEPROMs, the PIPO2 software is 
installed and launched in the same 
way. Simply use the 'Device' option 
from the 'Select' pull-down menu to 
pick the PIC or EEPROM you wish to 
read or program. 

Thanks to an initialisation file which is 
automatically updated every time you 
launch PIPO2, the program always 
‘remembers’ the component it handled 
опа previous session. It is, therefore, 
recommended to copy the program 
into two different subdirectories on the 
hard disk: one for PICs, and another for 
EEPROMSs. This also eliminates the risk of 
confusion between two programming 
files which eventually get the same 
name (after all, lots of projects these 
days feature a PIC or an EEPROM). 
With reading as well as programming 
the memory contents are conveyed in 
the form of an Intel-HEX file. As a mat- 
ter of course, there's no objection 
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Figure 1. The circuit diagram of the mini serial EEPROM рго- 
grammer closely resembles that of the mini PIC program 


mer. It is even simpler, though! 
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against converting this into or from 
another format using an appropriate 
utility. 

Interestingly, many ‘demo’ diskettes for 
commercial-grade programmers offer 
file conversion utilities which often work 





Figure 2, Copper track layout of the PCB 
designed for the mini serial EEPROM pro- 
grammer. 
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even in the absence of 
the actual hardware. An 
example is the demo 
software supplied by 
MQP Electronics Ltd. 
(Park Road Centre, 
Malmesbury SN16 OBX, 
phone 01666 825666, 
fax 825141, 

email 100447.1124@ 
compuserve,com), 
which contains a share- 
ware version of the 
superb file editor 'PDED'. 
Unlike what applies to 
PICs, the software is 
unable to erase EEPROM 
memories directly in 
block mode. This short- 
age, which is due to 
EEPROMs not being 
technologically 
designed for block erasing, may be 
overcome by preparing (beforehand) 
а number of HEX files whose contents 
match those of empty memories. You 
can either do this by reading a blank 
EEPROM, or by using a file editor. Eras- 
ing an EEPROM is then simply a matter 
of loading an empty HEX file of the 
appropriate size. 


Also for chip cards! 


Once you know that certain chip cards 
of the non-intelligent type are nothing 
but а series of EEPROMs fitted in a spe- 
cial ‘case’, it will not come as a surprise 
that the present programmer is capa- 
ble of reading and writing these 'flexi- 
ble friends’. As you can see in Figure 4, 
it's all a matter of adapting the pinning. 





In this way, cards from the D2000 
(256bytes) and D4000 (512 bytes) series 
manufactured by Philips may be con- 
nected to this programmer by means 
of four wires attached to a standard 
card reader. The wiring is as follows: 


Vss = 505 
Vcc = 150 1 
SCL = ISO 3 
SDA = 507 


In the ‘Select device’ menu presented 
by the software, simply declare the 
D2000 as a 24С02, and the D4000 as 
а 24С04. It's as simple as that! 


Note: Readers not having access to 
the Internet may obtain the PIPO2 soft- 
ware from the Publishers under order 
code 976007-1. Price and ordering 
details are given on the Readers Ser- 
vices page towards the end of this 
issue. 








Figure 3. Component mounting plan 
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The universally applicable hardware of this LCD mod- 
ule consists of a compact circuit board (35x 80mm), 
а one-line 16-character LCD (LM16155) and a 
68HC11 microcontroller. Depending on the program 
loaded into the controller, the module acts as a 
timer, a thermometer or a thermostat. The height of 
the module is only 25mm. 








multi-purpose LCD 
with 68HC11 


timer, thermometer or thermostat 


As a matter of course, the universal 
design of the hardware also allows 
other functions of the module. These 
functions will only depend on your cre- 
ativity in writing software for the 68HC11 
fo run on the module board. The 
author, for example, hopes to extend 
the functionality of the LCD module with 
measuring options for frequency, уой- 
age and capacitance. 

In the present application, one of the 
main advantages of the 68HC11 is the 
fact that its EEPROM may be repro- 
grammed up to 10,000times. Programs 
are downloaded from a PC's serial port 
(for example, COM2). In most cases, 
downloading will take only 20 to 40 
seconds. The module is conveniently 
powered by an inexpensive mains 
adaptor supplying an unregulated 
direct voltage between 7.5V and 10V. 
Depending on the application, the 
current consumption is between 15 
and 60 тА. 


Circuit description 


Figure 1 shows the circuit diagram of 
the LCD module. IC2 is the microcon- 
troller, а 68HC11E2 from Motorola. It 
sports 2,048 bytes of EEPROM, an 8x8- 
bit A-D converter, an 8-bit pulse accu- 
mulator, a serial interface and much 
more, The previously mentioned pro- 
grams have been realized with the aid 
of these powerful features. Thanks to 
the 2-kByte EEPROM, you can do on- 
board reprogramming as many times 
as you like. 

The controller operates with a 8.000- 
MHz quartz crystal, Q1, from which it 
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Functions Overview 
© Counter Module 1: 


© Counter Module II: 


с» Thermometer/Thermostat I: 


Decimal seconds counter 
Display ‘000.000.000 SEK’ with Stop and Reset 
Days, Hours, Minutes, 10 seconds 
Display “OOOOT 005 00M 05" with Stop and Reset 


-50"С to +98°C 


Display: '+26°C -02 +45" (temperature, min. and max.) 
3 switching outputs (relays) for ranges: below min., between min. and max. 
and exceeding max., acoustic alarm, resolution 2°C. 


© Thermometer/ Thermostat II: 


—50'C to +99°C 


Display; ‘+26°C -40 +60’ (temperature, тіп. and max.) 
3 switching outputs (relays) for ranges: below min., between min. and max. 
and exceeding max., acoustic alarm, resolution 1*C 


derives an internal 2-MHz clock signal. 
The 5-V reference voltage for the A-D 
converter is supplied by D1, an 


LM366/5.0. This reference voltage 
enables a resolution of 0.02V to be 
achieved. 
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Figure 1, Circuit diagram of the multi-purpose LCD module. 


The microcontroller drives the LC dis- 
play in 4-bit mode. Potentiometer R8 
allows the LCD contrast to be adjusted. 
The three controller port lines set up as 
Switching outputs drive reed relays 
type SILOSD directly. Each of these 
compact relays provides one normally- 
open contact and an internal flyback 
diode which protects the drive logic 
against coil switch-off surges. 

The reset pulse is generated by U1, an 
MC34064 supply voltage monitor from 
Motorola, whose external circuit con- 
sists of just one resistor (stolen from 
array RN1). The MC 34064 contains an 
accurate voltage reference and a 
Schmitt trigger whose output (on pin 1) 
swings logic high when the operating 
voltage (on pin3) exceeds a value of 
4.61 V (typical). 

Because the current consumption of the 
circuit is less than 100mA, an SMA-style 
78105 happily manages the +5-V supply. 
The communication between the 
microcontroller and the serial interface 
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оп the PC is arranged by а MAX232 
(IC2) level converter, of which the wide- 
SMA version is used here. 

The module is linked to the PC via a 
four-wire cable which conveys the RxD, 
TxD, GND and CTS signals. Program- 
ming is accomplished with the aid of 
the COM port and DOS commands 
MODE and COPY. The different versions 
of a program are selected by means 
of eight jumpers, JP1-JP8. More about 
this further on. 

At the solder side of the board you find 
10 pairs of large solder eyes which 
allow the various applications to be 
realized (see Table 4). 


Fitting the parts 


The copper track layouts of the two 
board sides are given in Figures 2а 
and 2b. The mounting of the SMA 
parts requires accuracy and a low- 
power soldering iron with a fine tip. 
To prevent unwelcome surprises, 
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check the polarity of the tantalum 
capacitors before soldering them in 
place. The same goes for the orien- 
tation of the integrated circuits and 
relays. The component mounting 
plans shown in Figures3a and 3b 
indicate which parts are fitted at the 
top and bottom side of the board. 
The following order is recommended 
for fitting the parts: 

R7, R5, Ró, RN1, REL3, REL2, RELI, RN1, 
IC2, Q1, R10, C5, IC1 (socket), U1, R3, 
R2, R4, R9, R1, C2, C1, R8, C3, U2, JP1- 
JP8, 571, 01, Có, C8, C7, C9 and 
finally C4. 

Once the board is fully populated, IC1 
may be inserted in its socket. Next, The 
LCD module is secured above the 
board using PCB spacers with a length 
of about 12mm (see Figure4). The 14 
connecting terminals of the LCD are 
right above the corresponding 14ter- 
minals on the controller board, and the 
two sets are connected using short 
pieces of insulated wire. 
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Figure 2. Copper track layouts: (above) component side, 


(below) solder side. 
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The PC connection 

To be able to program the microcon- 
troller, you have to connect the board 
to the serial port on your PC via a suit- 
able cable. The connection is shown 
schematically in Figure 5. The connec- 
tor pinouts are shown in Table 1, which 
is also useful in case a 9-way sub-D 
socket is used instead of the larger 25- 
way version. 

Having made and checked the cable 
you proceed as follows: 


1, Select a free COM port on your PC. 
COMI is usually occupied by the 
mouse, which leaves you with COM2, 
COMS3 and СОМА to choose from (И 
available!). 

2. Connect the serial cable to the 
selected COM port. 

3. Start the PC under MS-DOS. 

4. Run the program INSTEE.BAT which is 
found on the diskette we sell for this 
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Figure 3. Component mounting plans: (above) compo- 
nent side, (below) solder side. 
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project. The batch file creates a subdi- 
rectory called LCD] on your hard disk 
(С) into which all relevant files are 
copied, 

5. Now the program EE.BAT may be 
launched. This batch file allows any of 
the available application programs to 
be downloaded to he LCD module. By 
sending the data the microcontroller is 
permanently programmed. 

6, Perform all further actions suggested 
by EE.BAT. 

7. ЕЕВАТ may be launched again any 
time from the subdirectory C:\LCD1, 


Programming 


After switching it on, the LCD module 
either waits or starts. 

A user program is automatically 
launched if nothing is connected to 
STI, or an A-D converter application cir- 
cuit. If so, the microcontroller transmits 
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Table 1 RS232 cable pinning and signals | 





ari Pin | e | s emen) 

10 2 (TXD) | 3(TXD) RXD (PDO) 

8 3 (RXD) | 2 (RXD) тхо (Рот). 

6 5 (CTS) | в (CTS) | VO (PA4) | 

T. Mmi 

/2 | 7(GND) | 5(GND) | GND | 
| connect 


connect | 
406 


| 61020 


а character via TxD (РОТ) and the 
MAX232 (IC2). Because there is no con- 
nection to a PC via the MAX232, the 
character arrives at the RxD pin (PDO) 
by way of R9 and IC2. This causes the 
EEPROM-resident program (if available) 
to be launched. 

The system waits when the LCD module 


is connected to a PC COM port by way 
of the cable described earlier. When 
the controller transmits a character, this 
is not immediately returned to PDO via 
R9. The result is that the processor waits, 
allowing a small program (a loader) to 
be transmitted by the PC. The loader 
must have a length of 257 bytes, the 
first byte should be $FF and it should be 
transmitted а! 1,200bits/s, 8-N-1. The 
$FF marker allows the controller to con- 
figure its serial port for the bit rate used. 
The controller automatically launches 
the loader once 25641 bytes have 
been copied. 

The function of the loader is to enable 
а larger (user) program to be received 
via the serial port, and subsequently 




















RS232 & A/D 92014 -12 
Figure 4, Using PCB pillars the LCD module proper is secured on top of the con- 
troller board. 


VI -6/97 Elektor Electronics EXTRA MICROPROCESSORS 








COMPONENTS LIST 
ref. Figures 1 and 2 


Resistors: 

R1 = 1M9 (SMA) 

R2,R3 = 2200 (SMA) 

R4 = 1k95 (SMD) 

R5,R6,R7 = 47ко (SMD) 

ВВ = 4kQ7 (or 5kQ) preset (SMA) 
R9 = 10kQ (SMA) 

R10 = 1КО (SMA) 

ЯМІ = SIL resistor array 7x10kQ 
RN2 = SIL resistor array 8x47kQ. 


Capacitors: 

C1,C2 = 22pF (SMA) 
СЗ = 100nF (SMA) 

C4 = 22uF 10V tantalum 
C5 = 10nF SMA 


C6,C7,C8,C9 = 1uF5 16V tantalum 


Semiconductors: 

1С1 = MC68HC11E2FN (Motorola) 
1С2 = МАХ232 (wide SMA case) 
(Maxim) 

U1 = MC34064 (Motorola) 

U2 = 78L05 (SMA, 8-pin) 

D1 = LM 336/Z5.0V 

LDE1 = LED, red 





Miscellaneous: 

LCD1 = LCD display 1 line, 16 char- 
acters (e.g. Sharp LM 16155) 

Q1 = 8.000MHz quartz crystal 
(miniature) 

Rel1,Rel2,Rel3 = SILOSD (5-V reed 
Relay in SIL case, with diode) 
T1,TA,T3 = miniature push-button 
Piezo = passive piezo buzzer 

ST1 = 10-way boxheader 

RS232 connection cable, 4-wire, 
with 10-way IDC socket and sub-D 
socket (25 or 9-way) 

10-way IDC socket for thermometer 
JP1-8 = pinheader double-row, 8- 
way 

6 jumpers 

PLCC socket, 52-pin, for IC1 
Printed circuit board not available 
Software: on diskette, order code 
976009-1 (see Readers Services 
page) 


store it into EEPROM. Once this has 
been done, the user program is started. 
The program length is limited to 
512bytes on the Al version of the con- 
troller, or 2,048 bytes on the larger Е2. 
During the transmission, the РАД line is 
used for synchronization purposes. An 
LED connected to terminals LP7-LP8 on 
the board allows you to follow the 
downloading process. The LED indi- 
cates that the programming has been 
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started by remaining off for 
about 1.5s and then lighting for 
about 2s. This should be taken 
to mean that the loader has 
been received, and that it has 
taken control of the 68HC11. 
Next, the LED lights at irregular 
intervals, indicating that the 
main program is being loaded 
and stored in EEPROM. The LED 
does not light if a received byte 
is already present in EEPROM. If, 
on the other hand, a received 
byte is not yet available in EEP- 
ROM, the LED lights. In this way, 
you are able to see how the 
EEPROM is filled. 


Sample application 
programs 


All programs discussed below 
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Figure 5. Pinout of the cable which links the 
PC's RS232 port to the 10-way boxheader on 
the controller board 
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are available on a diskette with 
order number 976009-1 which 
may be ordered through our 
Readers Services. Tables 2, 3 
and 4 indicate the jumper 
functions, solder terminal (LP) 
functions and the pinout of 
header STI on the board. All 
solder terminals are found at 
the solder side of the board, 
and are marked as shown in 
Table 3. The relay contacts are 
rated at 15 watts and 200VDC. 
For safety's sake however keep 
the contact voltage below 48 V. 


Program PRG-1 


(decimal seconds counter) още 


The module operates as а sec- 
onds up-counter After you 
switch it on, the display briefly 
reads ‘Programm PRG-1', and 
then '000.000.000 Sek’. If the 
counting is not stopped, the 
highest value of 
'999.999.9998ek' will be 
reached after about 32 years. 
In this application, the following 
functions from Tables2 and 3 
may be used: 

JP2, JP3, JP4, LP7-8 (LED flashes at a 
rate of 1Hz) and LP13-14. 


Program PRG-2 

(Days, Hours, Minutes counter) 

This program causes the LCD module to 
work as a 10-seconds counter. First the 
display briefly shows ‘Programm PRG-2', 
then "00007 005 OOM OS' (T = days, 5 = 
hours, M — minutes, S — seconds). For 
example, on the change of the first to 
ihe second day the display shows 
‘0001T 235 59M 55', and after 10 sec- 
опа '0002T 005 00M OS'. 


Figure 6. Temperature measurement circuit for 
use with the thermometer/thermostat program, 
PRG-3. 
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Figure 7. This temperature measurement circuit 
for use with thermometer/thermostat program 
PRG-4 offers higher accuracy. 


In this application, the following func- 
tions are available from Table 2: 

JP2, JP3, JP4, LP7-8 (LED flashes at a 
rate of 0.5Hz) and LP13-14. 


Program PRG-3 
(Thermometer/Thermostat) 

This program cause the module to 
operate as a thermometer/thermostat. 
First, the message ‘Programm PRG-3' 
appears briefly, then ‘Minimal -509C'. 
Next, you may set the desired lowest 
value using push-buttons TI and T2. 
Press T3 to save the desired value. Next, 
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| Table 2 Jumpers: functions and arrangement _ 



















































Jumper Function w. jumper set | Port 
JP! | Piezo buzzer off С PEA 
оро | Display cleared to 00000000 after a STOP by ЈРЗ or LP13,14. If JP2 is и tee 

| not set, counting continues at the old value after a STOP 
| Hold counter PEG 
crease count rate (for testing) PE7 | 
ith thermometer program PCO | 
| with thermometer program [вет 
[987 | a E РС2 
ЈРВ | Е E РСЗ | 
| Table 3 Function and arrangement of solder pads LP1 - LP20 тт 
| HS Trunction Port 
[LP 1- 2 | reed relay 1, contact closed || | PC6 
1Р3 -4 reed relay 2, contact closed — POS | 

LP 5 - € lay З, contact closed — PC4 

1Р7 -8| indicator LED и Erg u 
(LP 9 -10| piezo buzzer (Alarm) m 














|tor extension (Е meter) 








counter halted when set 









|LP19-20 | button 3/Save | 














[ Table 4 ST1 pinout and function 















































| Pin No. | Function | Port | Use 
| 10 | RxD line from 68HC11 - connected to TxD on PC | PDO |RS232 
[.9 jis В-Ы A/D converter | PEO | A/D-input 
| в  |TxD of 68HC11 - connected to RxD on PC PDI | А5232 
| 7 опа &bit A/D converter РЕТ | A/D-input 
| 6 О пе, used with CTS for synchronisation by PC PA4 | RS232 
| 5  |8rd8-bit A/D converter г PE2 | A/D-input 
| 4 not used —- | zi 

3 |41 8-bit A/D converter PES |A/D-input 
| ? ем | GND |RS232 and A/D | 
Ст [45V (max. soma) БУ АО] 
the display shows ‘Maximal +50°С'. pressing T1/- and T2/+ simultaneously, 
Use T1 and T2 to set the desired highest the two values may also be changed 
temperature, then T3 to save the value. while the program is running, Doing so 
The extreme values are automatically causes the program to jump to routines 


stored in the EEPROM, and the program 
is started. The min./max. settings are 
requested every time the unit is 
switched on with PRG-3 loaded. If there 
is no need to change previously pro- 
grammed values, do not press any of 
the push-buttons and wait for about 
8seconds for the program to start using 
the values fetched from EEPROM. By 


Е non 
Lad | 
wm 5 
zs ° 

Coe a 02 
DS is 

o 

Figure 8. Artwork of the double-sided PCB 


designed for the temperature measurement 
circuit of Fig. 7 
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which allow the min./max. values to be 
set. 

As regards the switching of the relays: 
The RELI contact is closed when the 
measured temperature 5 below the 
programmed minimum. 

The REL2 contact is closed when the 
measured temperature is between the 
programmed extremes, 

The REL3 contact is closed when 
the measured temperature 
exceeds the programmed max- 
imum, 

Only one relay can be closed at 
atime. 

For the buzzer signal we have: 
A low-pitch tone is produced if 
the RELI contact is closed, and 
а high-pitch tone when the REL3 
contact is closed. 

An intermittent beep is pro- 


duced, The beeping sound may be 
mute at any time via jumper JP1. 

The measuring range is-509C to 
+98°C at a resolution of about 2°C, If 
the measured temperature is outside 
this range, the display indicates 
'ERROR -50 +50', although the relays 
are still correctly driven. 

In case temperature measuring errors 
occur as a result of component toler- 
ances, a correction may be tweaked 
by means of JP5 or JP6 (see Table 2). 
For example, if the display reads 
+26°C while the actual temperature is 
only +22°C, the display reading may 
be corrected by briefly closing JP6. The 
correction is stored as an offset in the 
system EEPROM, and is automatically 
recalled each time the program is 
started, 

The temperature offset has a range 
of -12°C to +12°C in steps of 2°C. 

In this application, the following func- 
tions from Tables 2 and 3 are available: 
JP1, JP5, JP6, LP7-8 (LED flashes at a 
rate of 0.5 Hz), LP9-10, LP1-2, LP3-4, LP5- 
6, LP15-16, LP16-17 and LP19-20. 

The measurement circuit shown in Fig- 
ureó is connected to STI pins1, 2 and 
9. You will need the following parts: an 
LM334Z current reference, an LM335Z 
temperature sensor and an 682 1% 
resistor. 


Program PRG-4 

(Thermometer/Thermostat) 

This program is similar to PRG-3 

described above, with the following dif- 

ferences: 

c» Measurement range-50?C to 
+99°C at a resolution of 1°C, 

г» Temperature offset range -6°C to 
+6°C in 1°C steps. Jumper functions 
and connections are identical to 
PRG-3. The circuit shown in Figure7 
is connected to STI. This slightly 
more elaborate measurement cir- 
cuit is constructed on the printed cir- 
сий board shown in Figure 8. 


COMPONENTS LIST ref. Figs. 7 and 8 


Resistors: 
R11 = 1k95 (SMA) 
R12 = 689 1% (SMA) 


Capacitors: 
С11,12 = 104F 10V tantalum 


Semiconductors: 

И = LM334Z 

T1,2 = LM335Z 

21 = 1м33622.5 

{C11 = ICL7660 (SMA) 
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Windows software for Micro-Pro Programmer 


Equinox Technologies are 
pleased to announce that 
their world-renowned 
Micro-Pro Parallel 
Programmer now comes 
complete with Windows 
software. 


As well as being much easier to use, 
Micro-Pro for Windows also supports 
many more devices than the existing 
DOS software, which has been frozen 
at version 2.60, 

The new software permits program- 
ming of all of the Atmel 89C and 89S 
families of microcontrollers, ond is 
ahead of the competition in offering 
support for the promising new 
АТ9051200 (‘AVR’) device. 

Existing customers may download this 
new software free of charge from the 
Equinox Technologies WWW site 
(http://www.equinox-tech.com). 

With the addition of appropriate 
libraries (purchased separately), Micro- 
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Pro for Windows transforms the Micro- 
Pro Programmer info an even more 
useful tool, capable of programming a 
wide range of FLASH memory, EEP- 
ROM, and Configurator devices. 

So, don’t clutter up your workbench with 
а different programmer for each type of 
device - just use the one pioneered and 
developed by Equinox Technologies, who 


claim to be ‘The Embedded Solutions 

Company’ 

Equinox Technologies, 229 

Greenmount Lane, Bolton BL1 5JB. 

Tel. (01204) 492010, 

fax (01204) 494883. 

Email: sales@equinox-tech.com. 

Internet: www.equinox-tech.com. 
(97105) 


8-bit PIC OTP controller with 10-bit ADC 


Microchip's PIC17C756 is 
the first device in their new 
PIC17C75X family of high- 

performance 8-bit one- 
time programmable (OTP) 
microcontrollers with a 10- 
bit analogue-to digital 
converter (ADC) in 64- and 
68-pin packages. The 
PIC17C756's industry- 
leading performance of 

8.25 MIPS CPU at 33 MHz 

and single-cycle (120 ns) 
8x8 hardware multiply 

provides engineers with a 

higher performance solu- 

tion than Motorola's 

MC68HC11 and Hitachi's 

H8 products. 


The PIC17C756 includes two 8.25 
Mbit/s USARTs, up to 16Kx16 of OTP. 
on-chip program memory and up to 
902x8 bytes of user RAM. The high- 
precision 10-bit 12-channel ADC offers 
а high speed conversion rate and can 
convert while in sleep mode. Other 
peripheral features include up to 50 
МО pins with individual direction con- 
trol, 4 pins configurable as capture 
input (120ns resolution), 3 pins config- 
urable as PWM output(1-10bits resolu- 
tion with 130 kHz at 8 bits and 32 kHz at 
10bits), local communications capabili- 
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ty for peripheral expansion (I2C/SPI 
compatible) and 4 timers (мо 8-bit and 
two 16-bit). In addition, the large pro- 
gram and data memory and affordable 
ОТР make the PIC17C756 ideal for 
demanding real-time embedded con- 
trol applications such as set-top boxes, 
motion process control, instrumenta- 


tion, UPS, printer, plotter copier, ABS, 
air bag controllers, security, network 
switches, modems and data encryption. 
Arizona Microchip Technology Ltd., 
Unit 6 The Courtyard, Meadowbank, 
Furlong Road, Bourne End, Bucks SL8 
5AJ. Tel. (01628) 851077, fax (01628) 
850259. (977106) 
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If you have ever been involved in developing code 
for an embedded 8051 system, you will know how 
frustrating and time-consuming it can be. With no 
external code ROM/RAM to hold monitors and other 
software debugging tools, the developer is forced 
into using EPROM devices. Unless an EPROM emulator 
is available, code development is usually hindered 
by the need to erase the EPROM each time before 
re-programming with the next code iteration. It’s so 
annoying waiting up to twenty minutes for the device 
to erase, only to find out that your latest code still 
doesn't work! FLASH microcontrollers are the answer. 





Why you may need 
to FLASH! 





Equinox Technologies Starter System. This contains the Micro-Pro programmer complete 
with power supply, parallel cable, sample AT89C2051 microcontroller, the PK51-2K IDE 
including C compiler, assembler, and dScope-51 debugger, together with appropriate 
software, manuals, CD-ROM and databook. 


Whilst few manufacturers have compatible microcontrollers with on 


exploited this leading-edge technol- 
ogy in the microcontroller arena, Atmel 
have introduced a range of 8051 
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board FLASH PROM. The FLASH code 
memory can be erased electrically in 
milliseconds with no need for a UV 


eraser, and such FLASH 
microcontroller devices 
can be reliably erased 
and re-programmed over 
1,000 times. 

This technology represents 
an enormous time saving, 
but its advantages are not 
just confined to the devel- 
opment environment — it 
also allows for ‘just-in-time’ 
programming in a pro- 
duction environment. If 
numerous code revisions 
are the norm before all 
the bugs are ironed out, 
FLASH offers the route to 
overall programming flex- 
ibility. The latest code revi- 
sion can be programmed 
into a device in seconds 
whilst it is actually pro- 
gressing down the pro- 
duction line. With the 
addition of the appropri- 
ate hardware it is even 
possible to program these devices 
actually in-circuit without removing the 
device from the product! If the final 
product requires frequent code 
updates, then once again FLASH is the 
answer — unlike an OTP the device can 
simply be re-programmed at no extra 
component cost to the manufacturer. 
Better still, the FLASH device is often 
cheaper than the equivalent OTP part! 
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Atmel supply a wide range of FLASH 
microcontrollers — brief details of the 
most popular ones are shown in the 
table. 

When Atmel FLASH microcontrollers are 
used with the Micro-Pro Programmer 
and the Keil PK51 Integrated Develop- 
ment Environment (IDE), a very short 
software development cycle is 
achieved. 

The Micro-Pro programmer can erase, 
program and verify an Atmel 89C1051 
(1K) in under 3 seconds, or an Atmel 
89С52 (ВК) in less than 10 seconds (tirn- 
ings based on a DX4-100MHz PC), This 
programmer is a worthy addition to any 
8051 developers toolkit, as it is also 
capable of programming many serial 
and parallel EEPROM devices, FLASH 
memories, Configurators such as those 
offered by Xylinx, Altera and Cypress 
and even the new Atmel 90S (AVR') fam- 
Пу which is expected to displace the 
overlauded PIC from its pole position. 


Why use C? 


An increasing number of developers 
are moving away from using assembly 
language as their main programming 
language, and switching to C instead. 
The reasons for this are twofold; firstly, it 
is far quicker to write and debug code 
in C than it is in assembly language 
ond, secondly, the quality of the C 
compilers available for microcontroller 
architectures has improved dramati- 
cally in recent years. 

For 8051 microcontroller applications, 
the Keil C51 Compiler lets you write pro- 
grams in C and get very close to the 
efficiency and speed of assembly lan- 
guage. This compiler is not a modified 
version of a standard compiler — it was 
specifically written to generate fast and 
compact code for the 8051 micro- 
processor, Target-specific extensions 
incorporated into the compiler give 
you full access to all the resources of 
the 8051. This means that the program- 
mer can refer to the various on-chip 
peripherals and SFRs (special function 
registers) by name, rather than by some 
abstract address, 

The PK51-2K suite of software tools 
allows you to author modular programs 
in C and/or assembly language for 
many 8051 microcontroller derivatives. 
It imposes а 2K code limit, which makes 
it ideal for developing full production 
projects for the Atmel AT89C2051 & 
AT89C1051 microcontrollers which fea- 
ture 2K and 1K of on-chip FLASH PROM 
respectively, 

PK51-2K is also an ideal evaluation tool 
for many other 8051 derivatives which 
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В9С51 | 89052 | 89055 | 8958252 | 89553 | 89C2051 |89C1051 
Flash Code ROM (bytes) 4K 8K 20K 8K 12K 2K 1K 
RAM (bytes) 128 256 256 256 256 128 64 
EEPROM т > 2K E + 
In-system reprogrammable | - - R YES YES 
1/0 pins 32 32 32 32 32 15 15 
16-bit Timer/Counters Е: 3 3 2 3 2 1 
Watchdog timer - YES YES 
Interrupt sources 6 8 8 9 9 6 3 
Serial UART (full duplex) YES YES YES YES YES YES 
SPI interface я - YES YES = * 
Analogue comparator YES YES. YES 
Data pointers 1 1 1 2 2 1 1 
Package pins(DIL)* 40 40 40 40 40 20 20 
* LV parts are also available for the 40-pin derivatives. 








feature larger code sizes, These include 
the 8xC51, 8xC52, Siemens 537 and 
Dallas 320/520 microcontrollers, 

In fact, the PK51 environment even 
allows you to test your code without 
having a target device available! It 
includes dScope-51, a software simu- 
lator and debugger — this is effectively 
а PC program which pretends to be 
your target microcontroller. Using this 
simulator, a programmer can single- 
step through the program, watching 
registers, variables, and peripheral 
devices, breakpointing at specific 
statemenis, and simulating extemal sig- 
nals, as if the actual microcontroller 
was present. 

For larger devices, a version limited to 
8K code size, and an unrestricted ver- 
sion are available. 


Another hurdle often faced by a micro- 
controller-based system developer is 
that he may need to make progress 
with the software development before 
the hardware design has been finalised 
(or, in some cases, before it has even 
started!) This is particularly difficult if s/he 
has little prior experience of using the 
actual target microcontroller. It is very 
useful to have some form of ‘tried-and- 
tested' target board on which potential 
software solutions can be evaluated, 
whilst а the same time gaining a bet- 
ter understanding of the microcontroller 
architecture and now to interface to 
the on-chip peripherals. Such a board 
- offen referred to as an ‘evaluation’ or 
'demo' board - can rapidly reduce the 
learning curve and therefore the devel- 
opment costs. 





Atmel Flosh microcontroller evaluation board complete with push-buttons, LEDs, ADC 
ond piezo sounder. 
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Even with street prices dropping steadily, good РС 
programmers remain relatively costly tools, 

Provided you exploit the ‘serial programming’ mode 
available on recently launched PICs (and, in particu- 
lar, the 16C84), it is feasible to build a surprisingly sim- 
ple programmer which is still fully compatible with 
much of the powerful software now circulating on the 


Internet. 
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Serial-mode programming 


Programmable components аге 
increasingly intended to be рго- 
grammed 'in-circuil', The process is also 
called code downloading, meaning 
that the relevant chip is simply con- 
nected to a bus consisting of four or 
five wires. 

In this respect, the 'isp' chips from Lat- 
lice are the best know examples, 
although there are new arrivals all the 
lime. Relative newcomers in the field 
include certain MACH types from AMD, 
whose appearance on the market has 
not gone unnoticed. 

As you are probably aware, several 
members of the PIC family offer a simi- 
lar ability which enables them to be 
programmed ог re-reprogrammed 
while they remain on the application 
board, and you do not even have to 
remove the supply voltage. 

These PIC chips are switched to pro- 
gramming mode by pulling their reset 
pin (MCLR, pin 4) to a high voltage, usu 
ally between 12 and 14volts. 
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From then on, RBÓ (pin12) acts as a 
CLOCK input, while RB7 (pin13) is 
turned into a DATA input/output line. 
The power supply pins of the PIC, Vdd 
(pin 14) and Vss (pin5) retain their nor- 
mal function, that is, they keep the PIC. 
supply voltage at the nominal value of 
5V, although all other pins are effec- 
tively disabled. 

In this mode, you may program, read 
and even clear (erase) the PIC simply 
by communicating with it using a serial 
format on the DATA line. In fact, this 
closely resembles the way serial EEP- 
ROMs work, as well as some chip cards. 
The communication protocol used for 
serial programming 5 disclosed in a 
document of some 10 pages called 
PIC16C84 EEPROM memory Program- 
ming Specification which is available 
from Microchip Technology. or, in elec- 
tronic form, on the CD-ROM published 
by this manufacturer. 

Provided you do accept that the pre- 
sent design can not be labelled as a 
‘production programmer' the strict rules 





for programming laid down by 
Microchip may be relaxed consider- 
ably. So, let's agree on calling the pre- 
sent design a 'prototype' or 'develop- 
ment' programmer. 


Free programming software 


Fortuitously, among the less inspiring 
Things found on the Internet, there's also 
webbed software for programming 
PICs, What's more, it's нее! 
One of these free programs is PIPO2. 
Although still in an early version (1.14), 
the program is still very satisfactory, and 
may be found at various Internet sites, 
including 
http:/Iwww.sistudio.com/sistudio/ 
download/html 
where it is available as a zip file. 
Developed by Antti Lukats of Silicon Stu- 
dio Ltd., РРО2 assumes that the PIC is 
hooked up to a serial PC port, allowing 
а trick to be used to ‘steal’ the neces- 
sary supply voltages from the RS232 
interface. 


A revised circuit diagram 


АРС programmer circuit diagram sug- 
gested by Erik Herman has been 
around on the Internet for a while, while 
the hardware-software link is due to 
Rolan Yang. 

Far from complying with the rigid 
Microchip specification, this schematic 
inspired the author to do some touch- 
ing up, the results of which are shown in 
Figure 1. 

As a matter of course, the wonderful 
basic idea of extracting the PIC supply 
voltage from the TxD line on the PC's ser- 
ial port is fully respected and retained. 

This approach obviates the need for 
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any kind of external power supply 

or even a battery, and works very 
well in practice. 

Although а TxD-derived supply volt- 
age does not pose problems for the 
creation of a ‘clean’ 5-уой rail using 

а 78105 regulator, the availability of 

at least 12V for the MCLR pin calls 

for a ‘true’ RS232 port supplying volt- 
age swings of at least plus and 
minus 12V. 

The programmer will not work with 
PCs having a serial port supplying a 
swing of Svolt (so watch out for a ‘TTL 
compatible’ spec). Unfortunately, 
such ports are typically imple- 
mented on portable and laptop 
compulers whose design often 
requires recourse to unorthodox 
solutions as regards energy reduc- 
tion. 

И the serial port on your PC is TTL 
compatible only, the solution is to 
add a true RS232 port, tor example, 
one that forms part of a Multi-I/O 
card. 

Once you are aware that signals 
with a swing of at least 12volts are 
present on the RS232 interface lines, 
you will not be surprised to find a cou- 
ple of zener diodes in the circuit which 
reduce these swings to levels which are 
harmless to the PIC. 

Although the relatively high value of the 
resistors used in the original schematic 
referred to above is, in principle, sure 
to prevent destructive current levels, it 
was considered good practice to elim- 
inate the risk of a negative 12-volt 
potential being applied to a sensitive 
and costly part like the PIC controller, 





Practical realization 


The original Herman schematic has 
already been the subject of many 
interpretations, some of which have 
substantialized into commercially avail- 
able kits, In some cases, the program- 
mer hardware is even fitted inside the 
hood of a 25-pin sub-D connector! 

As far as the author is concerned, 
there's no need to fit the present circuit 
into a case, while it will be more con- 
venient to use a 9-ріп sub-D connector. 
That brings us to the PCB layout shown 
in Figure2. Even if an ultra-compact 
component arrangement was never a 
design goal, the board is still of a mod- 
ез! size. The actual component mount- 
ing plan is shown in Figure3. Obvi- 
ously, it is essential to observe the ori- 
entation of all polarized components. 
Although you should not use zener 
diodes with a zener voltage below 
5.6V, types with a 6.2V specification 
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Figure 1. Circuit dlagrom of the mini PIC programmer, 
Quick and dirty! 


will also be acceptable. 

The use of a zero-insertion force (ZIF) 
socket was not considered essential. 
Instead, а quality socket with turned 
pins may be used, provided you also 
employ a suitable IC insertion and 
extraction tool and handle it with due 
care, 

The completed board is connected 
either directly to the PC, or via a 9-way 






=? 
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Figure 2. Copper track layout of the 
miniature board designed tor the pro- 
grammer, 





Figure 3. Component mounting plan 
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male-female cable which may be 
picked up from computer stores 
under the name ‘monitor extension 
cable’. If necessary, you may insert 
а 089 to 0825 adaptor, but never 
а zero-modem cable or one with 
crossed wires. For the present pro- 
grammer, you need a cable with a 
140-1 wire correspondence 
between the connectors. 


Practical use 


Before launching the main pro- 
gram, РРО2, it is necessary to 
install a resident driver (TSR) called 
COM84 -which is included in the 
PIPO2.ZIP file. Use it as follows: 
COM84 COMn 
where n is the number of the serial 
port you wish to use (1 through 4, if 
available on your PC). 
You may want to automate some 
of the programming drudgery by 
writing а small batch program 
(called PIPBAT for example), which 
might look like this (assuming 
COMI: is used) 

сомва сом1 

РТРО2 

COM84 REMOVE 
The last line automatically de-installs 
and unloads the driver when you quit 
PIPO2, thus avoiding possible conflicts 
with other software, 
Its presentation easily mistaken for that 
of ‘real’ utilities from Microchip, PIPO2 
offers a good level of user-friendliness. 
Various menus are accessible, and 
you will get the knack of the program 
fairly quickly. The thing to remember 
before launching any operation is to 
always select the PIC type to be read 
or programmed. Also, always keep in 
mind the correct setting of the fuses 
before you launch the programming 
operation. 
The programming, by the way, requires 
а file written in INHX8M (Intel hex-8) for- 
mat. Fortunately, that's convenient 
because the very same format is gen- 
erated by the majority of PIC develop- 
ment tools. 
To close off, a final, important, detail: if 
you make an error which causes a total 
lockup, it is always possible to erase the. 
PIC using the 'Erase' option from the 
‘Device’ menu. 


Note: Readers not having access to the 
Internet may obtain the PIPO2 software 
from the Publishers under order code 
976007-1. Price and ordering details 
are given on the Readers Services 
page towards the end of this issue. 
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Most of you will be aware that DIMF telephone 
dialling signals are two-tone combination that may 
be recorded on any cheap tape recorder, just like 


speech. 


Playing back these tone pairs into a suitable decoder 
should reproduce the digit originally pressed on the 


telephone. 


The use of a PC as a visualization terminal allows the 
electronics you need to implement a DTMF decoder 
to be reduced to its most elementary form. 





PC-controlled DTMF 


Recapping 

ОТМЕ (dual tone multi frequency) 
dialling is the immensely successful suc- 
cessor of the older dialling disc associ- 
ated with pulse-controlled telephone 
systems, ОТМЕ has many advantages 
over traditional pulse dialling, including 
faster access to the called party. In the 
ОТМЕ system, each digit (and symbol) 
on the telephone set is associated with 
two discrete audible frequencies which 
are transmitted as a рай. The ОТМЕ 
tone pairs use throughout the world are 
shown in Figure 1. The pairs consist of 
one four ‘low’ frequency (697Hz, 
770Hz, 852Hz and 941 Hz) and one of 
four 'high' frequencies (1209Hz, 
1336Hz, 1477 Hz and 1633Hz). The total 
number of possible combinations 
offered by these tone sets is sixteen, 
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which is actually more than needed for 
a simple 10-digit dialling pad. 

The keys marked # and * have been 
added to the system, and have found 
many applications in modern tele- 
phone systems. Not available on the 
most rudimentary of keypads (which do 
not generate the 1633Hz signal) are 
four special codes designated A, B, C 
and D. So far, these have found little 
use. As a matter of course, lots of inte- 
grated circuits have appeared on the 
market for generating and decoding 
ОТМЕ signals, 

Among the best known manufacturers 
of DIMF decoders are Mitel, Teltone 
and Silicon Systems, whose 551757202 is 
widely available from retail stores, 
sometimes disguised as 551202, its older 
type designation. Compatible chips 


are also available from second-source 
suppliers, in particular, RCA/Harris 
(CD22202). 

Having a four-bit databus, the SSI202 
employs the conventions shown in Fig- 
ure2 to signal the tone pairs it is able to 
recognize, provided the chip is set to 
operate in hexadecimal mode (pin2 
strapped logic high). 

The Data Valid (DV) output goes high 
when a valid DTMF code is detected, 
and remains high for its entire duration 
(in principle, 100 ms or longer). 


Building the decoder 
It will be very hard indeed to beat the 


simplicity of the circuit shown in Fig- 
ure3. A common-or-garden 3.579 MHz 














HIGH 

| 1209 1336 1477 1683 
LOW 
697 | 1 2 3 А 
70 | 4 5 6 B 

| 82 | 7 8 9 с 
94 | x 0 * D 




















Figure 1. Correspondence between the 
DTMF tone pairs and the numbers/signs. 
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Hexadecimal 
02 01 


speed variations exceeding 2% ог so. 
The recording conditions also affect 
the reliability of the decoding process, 
because the levels of the 'high' and 
the ‘low’ tones should not differ by 
more than 1048. If present, treble and 
bass controls should be set to their 
neutral (defeat) positions right from the 
start (recording). Consequently it is 
preferred to make recordings using a 
suction-style magnetic coupler, or by 
electrical coupling. It is not reasonable 
to expect decent results from micro- 
phone recordings , for example, from 
the sound produced by a loudspeaker 
in a hands-free phone system, even 
though the 551202 will still work reason- 
ably well if voice signals are superim- 
posed on the wanted signals. 
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Figure 3, In practice the electronics is limited to. 
the tone decoder clocked by its external quartz 
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Figure 2. 551202 binary output as o func- 
tion of received ОТМЕ code. 


quartz crystal and its associated resis- 
tor are the only two external parts 
required by the 551202. We only added 
а decoupling capacitor on the 5-уой 
supply rail, and a coupling capacitor 
at the chip input. The latter is perhaps 
overkill in view of the capacitor on 
board the 551202, but it afford extra 
protection against direct voltages 
which may accidentally be applied to 
the circuit. 

Communication with the PC is 
achieved via five input lines available 
on all properly designed parallel ports: 
ACK, BUSY, PAPER END, ERROR and 
SELECT. 

The 5-volt supply may be derived from 
pin] of the 15-way joystick connector. 
The circuit is best built on the printed 
circuit board whose copper track lay- 
out is shown in Figure4. The relevant 
component mounting plan appears in 
Figure5. 

Do not make the cable between the 
PC and the decoder longer than about 
50 centimeters. Fortunately, the 
(screened) signal input cable may be 
much longer. 

Without any kind of preamplifier or 
attenuator connected at its input, the 
decoder works properly across a drive 
range of 30dB. Consequently, the 
headphones output of a tape recorder 
is perfect for driving the decoder if the 
volume control is set to a normal listen- 
ing level. None the less, the recorder 
should be of a reasonable quality, 
because the accuracy of the DTMF 
tone frequencies is badly affected by 
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Figure 5. Component mounting plan. 


Decoding software 


Written in GW-BASIC, the simple pro- 
gram shown in Figure 6 is intended for 
а decoder connected to the second 
parallel port, LPT2:. If you want to use 
LPT1:, simply replace the port address 
'279' by 379" in line 30. 

The program continuously monitors the 
state of the decoder's DV output. The 
character corresponding to the logic 
state of the four datalines is read and 
displayed on the rising edge of the DV 
signal. A reasonably fast PC is thus 
capable of keeping track of the fastest 
of automatic dialling systems. 

The program returns to line 30 after a 
delay of five seconds following the last 
ОТМЕ character. In most cases, this will 
mean that a complete dialling code 
has been received. 

Experienced programmers should be 
able to expand the program with rou- 
tines that enable numbers to be printed 


crystal. 


on paper, or saved to disk. 

In case the decoding is performed in 
real time, that is, with the decoder 
directly connected to a telephone line 
and skipping the recording process, it 
should even be possible to append 
date and time information to the 
received dialling codes. This is easiest 
done by co-printing the (reserved) 
BASIC variables DATES and TIMES. 


10 REM ----- DECDTMF.BAS ----- 

20 CLS:KEY OFF 

30 I-INP(&H279) " decoder on LPT2: 
40 IF (I AND 128)=128 THEN 30 

50 c=0 

60 IF (I AND 8)=8 THEN C=C+1 

70 IF (I AND 16)=16 THEN C=C+2 

80 IF (I AND 3 
90 IF (I AND 6 
100 IF С=11 THEN PRINT" * 
110 IF C-12 THEN PRINT" 
120 IF C=13 THEN PRINT" A 
130 IF C-14 THEN PRINT" B 
140 IF C=15 THEN PRINT" C 
150 IF C=0 THEN PRINT" D " 
160 IF C-10 THEN PRINT" 
170 PRINT C; 

180 I-INP(&H279) ' &H379 for LPTl: 
190 IF (1 AND 128)=0 THEN 180 

200 T-TIMER 

210 I-INP(&H279) 












220 IF (TIMER-T)»5 THEN PRINT:PRINT:GOTO 30 


230 IF (I AND 128) - 128 TREN 210 
240 сото 50 
250 REM (c)1996 Patrick GUBULLE 


Figure 6. This little GW-BASIC program continuous- 
ly monitors the DV output of the decoder, and 


displays the received character. 
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80С537 


microcontroller board 


versatile experimenting 
with a powerful CPU 


The 80C537 from 
Siemens is a powerful 
version of the indus- 
try standard 8051 
processor. The pro- 
ject described here 
contains all software 
and hardware 
required to set up a 
complete control sys- 
tem based on the 
80C537 CPU. Despite 
its powerful specifica- 
tions, the computer 
still fits on a single 
Eurocard. 


MCS-51, of which the 8051 is the 
generic member, is without doubt the 
most popular and widely familiar 
microcontroller family currently on the 
market. Aiming to fulfil specific needs 
of different application areas, a num- 
ber of manufacturers have expanded 
the 8051 CPU core originally designed 
by Intel. Today, there are versions of 
the 8051 which have extra features like 
more МО capacity, an on-chip РС 
interface, extra memory, an A-D con- 
verter or a D-A converter. Not forget- 
ting, of course, the CMOS variants 
with reduced power consumption, 
and the miniature derivatives in com- 
pact 20-pin or 24-pin cases. So, there's 
a perfect version available for almost 
any application. 


В. уот Вега 
and Dipl. Ing. P. Сгорре 
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The heart of the present circuit is a 
Siemens SAB80C537 microcontroller, 
which is the ROM-less counterpart of 


the SAB80C517. The ‘537 runs all exist- 
ing 8051 software without problems 
Existing libraries containing elemen- 
tary routines may be used, too, on this 
processor. 





EXTRA FUNCTIONALITY 
As а matter of course, the 
80C517/80C537 offers more functional- 
ity than the generic 8051. Compared 
with the original 8-bit 8051 design the 
additions are, among others, a 32/16- 
bit MDU (multiplication/division unit), 
an enhanced (four-level) interrupt 
structure, and the number of data 
pointers has been increased to no 
fewer than eight 16-bit units. More- 
over, three 8-bit I/O ports have been 
added to the design, as well as 12 uni- 
versally applicable inputs. One of the 





serial channels implemented on the 
‘537 is compatible with the 8051-style 
UART, and uses a programmable baud 
rate generator. Digital signal process- 
ing is possible with the aid of an on- 
chip 8-bit A-D converter which uses an 
adjustable voltage reference. The oper- 
ation of this converter is helped by a 
powerful compare/capture unit 
employing two 16-bit timers 

Apart from the current-saving 
CMOS technology, further power 
reduction features are available, includ- 
ing idle, power-down and slow-down 
modes. In the block diagram shown in 
Figure 1, the shaded boxes represent 
the extra modules with respect to the 
‘bare’ 8051. 

The processor handles instructions 
in one, two or four machine cycles, 
where an instruction has a maximum 
with of three bytes. One machine cycle 
lasts 12 clock cycles. Based on a clock 
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Technical Specifications 


Processor: 
Memory: in monitor mode: 


SAB80C537 


32 Kbytes (less 256 bytes) RAM for user code 


32 Kbytes (less 512 bytes) RAM for user data 


in stand-alone mode: 


Interfaces 


64 Kbytes program memory 


64 Kbytes (less 512 bytes) data memory 


2 serial channels 

96-pin expansion bus 
real-time clock 

watchdog timer 

decoder with 16 CS outputs 


Programming Programs are written on the PC and then downloaded via 


Power Supply 
Monitor program 





frequency of 12MHz, 
instructions are therefore 
completed in 1, 2 or 4 
microseconds. No fewer 
than five modes are avail- 
able to address the memory. 
The internal ROM memory 
of the 80C517 has a capacity 
of 8 kBytes (the 80C537 has 
no internal ROM), while up 
to 64 kBytes of data mem- 
ory and ап identical 
amount of program mem- 
ory may be connected. The 
internal RAM memory has 
a capacity of 256 bytes of 
which the lower eight bytes 
(bank 0) are used by the 
CPU for its eight registers. If 
necessary, the user may put 
another three banks of eight 
registers at the CPU's dis- 
posal. The rest of the mem- 
ory (above the banks used 
for register storage) is freely 
available. Memory locations 
32 through 48 are also 
addressable at bit level, 
while locations 0 through 
128 may be addressed 
directly or by way of a reg- 
ister. Locations 128 through 255 may 
only be addressed via a register. Along- 
side the latter addresses is an internal 
memory for the special function regis- 
ters (SFRs). 

The distinction between program 
memory addressing and data memory 
addressing is realised with the aid of a 
number of special instructions from 
the instruction set. As an addition to 
the original 8051 architecture, the 
80C537/517 makes use of eight data 
pointers which speed up access to the 
external data memory. 





EXPANSION IN 
DIRECTIONS 

The external bus interface of the 
80C517 consists of an 8-bit databus 
(Port 0), a 16-bit address bus (Port 0 
and Port 2) and four control lines. The 
address latch enable signal (ALE) is 
used to dissect the multiplexed data 


ALL 
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the serial channel (in monitor mode). 
5V/100 mA, backup for data and RTC 


up/downloading of data 
up/downloading of machine code 


XTAL! XTAL2 


RESET —>| 
АЕ 
PSEN<—1 
a 





and address information on Port 0. As 
soon as the processor requests access 
to the external program memory, the 
PSEN control line is actuated. The RD 
(read) and WR (write) lines are used 
to give access to the external data 
memory. 

All of the processor's facilities (VO 
ports, serial ports, timers, compare/cap- 
ture registers, the interrupt controller 
and the A-D converter) are handled by 
means of the special function registers. 
This flexible approach is also used in 
the original 8051 design, albeit with 
fewer options. Finally, a number of 








SFRs such as the accumulator, the B- 
register, the programs status word 
(PSW), the stack pointer (SP) and the 
data pointer (DPTR) are used by the 
processor to co-ordinate the execution 
of a program. 


TOWARDS PRACTICAL 
MATTERS 

The block diagram of the 80C537 sin- 
gle-board computer is shown in Fig- 
ure 2. Besides the processor and the 
memory, a number of functions have 
been added, including a real-time 
clock, а reset circuit/supply guard and 
an RS232 serial interface. A Lithium 
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battery ensures that all data stored on 
the board is retained after the supply 
voltage is switched off. 

The address decoder is built 
around a bit of programmable logic in 
the form of a GAL type 20V8. Both the 
EPROM and the RAM bank have a 


45 



















ЗВАМ рапк 
64 kBytes 


s» Interrupt ог 
man Polling mode 




















eor 

















В E: an: : e 














P? 


333333333333 



















- 
s 
à 
i 
E 
= = 
a 
= НЕ: i 
3 = Б ид mE 
= Hi 
z 
я 


gj 46 Elektor Electronics 6/97 





size of 64 kBytes, which is ample for 
most ordinary applications. Thanks to 
the use of static memories, the battery 
is capable of keeping information (i.e., 
program code as well as data) stored 
quasi-permanently in memory. The 
80C537 is equipped with two serial 
ports. Of these, serial port 0 uses RS232 
signal levels and is intended for com- 
munication with a PC, while the other 
port uses TTL levels only. 

In keeping with this magazine's tra- 
dition, the step from theory to practice 
is a small one. The proof is Figure 3 
which shows the complete circuit dia- 
gram of the 80C537 single-board com- 


puter. Although we must admit that 
more compact microcontroller systems 
were published in previous issues of 
Elektor Electronics, the discerning eye 
will have few problems unravelling 
the basic structure of the present cir- 
cuit. 

The heart of the SBC is the 
SAB80C537, an integrated circuit with 
a whopping 84 pins. The system mem- 
ory is formed by IC2, IC3, IC4 and IC5. 

The memory division is deter- 
mined by a GAL, IC9. The actual con- 
figuration depends on whether the 
system works in ‘stand-alone’ or ‘mon- 
itor’ mode. In stand-alone mode, the 








entire 64-kByte program memory is 
available, while the data memory is 
available with the exception of the 
upper 512 bytes. So, only addresses 
0000H through FDFFH are allowed for 
use as data memory. Exceeding the top 
address may have unpredictable 
results. 


CONSTRUCTION 

As always with digital circuits, the con- 
struction poses few problems if you 
stick to the usual set of rules. The com- 
ponent mounting plan and the copper 
track layouts of the double-sided, 
through-plated Eurocard are shown in 


System monitor in EPROM 


The system monitor stored in EPROM (order code 976510-1) is described 
briefly here. An extensive manual describing all monitor functions may be 
found on the project diskette, order code 976008-1. 


The main features of the system monitor are: 

- Display memory contents, registers and SFRs in hexadecimal and ASCII 
format. 

- Edit memory contents, registers and SFRs interactively. 

- Disassembler and simple in-line assembler. 

- Up/downloading of programs in Intel-hex format, 

= 10 breakcpoints. 

- Program execution in real time using break-points. 

= Single-stepping, with option to have subroutines executed faster. 

- A Help menu. 


On the PC you should have a simple terminal program, for example, 
HyperTerminal which is included with the Windows 95 operating system. 
Choose the following settings in HyperTerminal: 


New Connection > enter the name and optionally select one of the icons 
+ OK + In the phone number window, under Connect using, select Direct 
to Com1 (or another Com роп) OK + In the Port Settings window for 
Com! (or another Com port), select 9600 baud, 8 bits, no parity, 1 stop 
bit. Set Flow control to ‘None’. Click on OK. 

Now do File + Properties + Settings -» (use Auto detect) -» ASCII Setup 
+ tick ‘Send line ends with line feeds" + OK. 

Reset the SBC. The following welcome prompt should appear in Hyper- 
Terminal: 


TFH-80C537er-Monitor V1.00a 
(C) TFH/PHYTEC 1996 
MONITOR MODE 


The available commands are listed below, they may also be viewed on 
the screen by using 'Help'. The general syntax is 

command space address enter 

There are also commands with a start and an end address, the syntax is 
then 

command space startaddress space end address enter 
Commands like ‘A’ may be aborted by pressing Ctrl-C (control-C). 
Addresses should be entered in hexadecimal format. 


Edit program memory: 
ос 


Start address епа address display code 
EC start address edit code 
U start address end address disassemble 
A start address assemble 
FILLC start address end address value fill range with value 


Edit internal data memory 
DD start address епа address 


display data 





ED start address 


FILLD start address end address 


edit data 


value fill range with value 


Edit internal indirectly addressable data memory: 


DI start address end address 
El start address 
FILLI start address. end address 


Edit external data memory: 


DX start address end address 
EX start address 

FILLX start address епа address 
Edit registers: 

x 

X register name 


Edit bit-addressable memories: 


DB start address епа address 
EB start address 
FILLB start address end address 


display data 
edit data 


value fill range with value 


display data 
edit data 


value — fill range with value 


display contents of all registers 
edit register contents 


display bits 
edit bits 


value fill range with value 


Edit external data memory page-wise (1 page = 256 bytes) 


DP start address епа address 
ЕР start address 
FILLP start address епа address 


Breakpoints: 
BS set breakpoint 
BK kill breakpoint 
BL list breakpoint 
BE enable breakpoint 
BD disable breakpoint 


Test program: 


display data 
edit data 


value — fill range with value 


G address [break address] start real-time execution of the program 


T number 
P number 


Writing and reading of programs: 


single-step inclusive of subroutines 
single-step exclusive of subroutines 


8 start address end address read from processor in Intel-hex code 
Upload Intel-hex file by sending it without a previous command (ASCII 
with no protocol, using Transfer > Send Text File) 


General: 

F1 Back to DOS 

F2 Start program download 

F3 Also write screen data to file 
HELP Help menu 

; Start comment 

Ctrl+C End command 
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Figure 4. Start by fitting the sockets for 
the 11 ICs, paying attention to their 
orientation. Next, fit the pinheaders for 
the jumpers, the 96-pin system ехрап- 
sion connector and the two sub-D con- 
nectors. The underside of the battery 
receives an isolating washer to prevent 
short-circuits with the copper tracks 
running underneath. Finish the con- 
struction by fitting the resistors, decou- 
pling capacitors, the preset and the 
quartz crystal. The circuit is then ready 
for use. 

The 5-volt supply voltage arrives 
via the expansion connector. The sup- 
ply voltage of 5 V should be connected 
to pins la, 1b and 1c, while ground 
goes to pins 32a, 32b and 32c. The cur- 
rent consumption is about 100 mA. 
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ABOUT THE JUMPERS 
Before the circuit may be tested, you 
have to decide on the jumper settings. 
The table below shows the options for 
jumper J1. The connections between A 
and B are made if the optional moni- 
tor program is used, while the links 
between B and C are associated with 
the system’s stand-alone mode, 
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COMPONENTS LIST 


Resistors: 
Ri = 30k 

ва 3 = 10kQ 

Ва = вког 

R5 = 8209 

R7 = 100ке 

R6 = 4kQ7 

P1 = 2&6 multitum preset, vertical 





Capacitors: 

O1-CN = 100 п 

C12,C15-C21 = 10uF 63V radial 
CI8,C14 = 22рЕ 


Semiconductors: 

Df = LED 

ICt = 80C537-N (Siemens) 
1С2 = RAM/EPROM (вее text) 
1Са = 27C256 (manitor EPROM, 
order code 976510-1) 
IC4JC5 = 62256 

106 = RTC72421 (Seiko) 

1С? = танстзтз 

IC8 = 74HCT154 

IC9 = GAL 20V8 (order code 
976511-1) 

IC10 = MAX691 

1С11 = MAX232 


Miscellaneous: 

Btt— 3,6V Lithium battery, Sonnen- 
schein type SL340P 

JTA,J1B,J1C = 6-way SIL pinheader 

J2-J6,J8 = 2-way SIL pinheader 

J7 = 3-pin SIL pinheader 

Ki = 96-way plug, angled pins, а, b 
and c row, to .0/М41612 

K2 = 15-way sub-D socket, angled 
pins 

K3 = 8-way sub-D socket, angled 





81 = push-button with make contact 

X! = 12МНг quartz crystal 

B4-pin PLCC socket 

PCB, programmed GAL and pro- 
grammed monitor EPROM, set, 
order code 970048-С (See Readers. 
Services page). 

Monitor EPROM only: order code 
976510-1, 

GAL only: order code 976511-1. 

Monitor program description on 

floppy disk, order code 976008-1. 















4 РАО 12(20) А15 
5 PALS 103(20) PALA 
6 У 1010(13) А15 


With connections between А апа В, 
the system is prepared for the use of 
the monitor program, RAM memory 
IC2 (a type 62256) may then be loaded 
with a user program, using address 
range 0000H-7EFFH and the serial link 


with the PC. The user program has a 
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maximum and minimum size of 
32 kBytes less 256 bytes. The monitor 
program requires 256byles in the 
address range 7Е0ОН-7ЕЕЕН. The 
other RAM, ICS, is employed as a data 
memory occupying the address range 
8000Н-ЕОЕЕН. The memory area 
above the latter address is reserved for 
peripheral devices. In this configura- 
tion, IC4 is omitted. So, when produc- 
ing program code, be sure not to store 
it above 7EFFH, while addresses 
8000Н-ЕОЕЕН only are available in 
1С5 for variables. IC3 is an EPROM 
type 27256 containing the monitor pro- 
gram which is slotted into the memory 
range between 8000H and FFFFH. 

If you select the setting with A and 
C linked, then IC2 (a type 27256 
EPROM) forms the program memory 
between 0000Н and 7FFFH. If neces- 
sary, this may be extended with IC3 
(another 27256) which also acts as pro- 
gram memory but then between 
8000H and FFFFH. IC4 is a RAM type 
62256 for data within the address 
range between 0000Н and 7FFFH, 
and, if necessary, IC5, another RAM as 
data memory, but then addressed 
between 8000H апа ЕРЕЕН. 

Although the most important sys- 
tem settings are covered by jumper 
block J1, seven other jumpers are avail- 
able on the board whose setting needs 
to be looked at carefully 

Jumper J2 enables/disables the 
actuation of an external watchdog 
type MAX691. No jumper means that 
Ше MAX691 is not used. With the 
jumper installed, the system expects 
an external watchdog, mapped 














between ЕЕЕОН and FFEFH and using 
the Watchdog Timeout Period of L6 s. 
Default setting: 12 not fitted, 

Jumper J3 allows the analogue and 
digital ground paths on the board to 
be connected. Without the jumper 
these paths are separated, Default set- 
ling: J3 fitted. 

Jumper J4 enables the oscillator 
watchdog inside the 80С537, If the 
jumper is not fitted, the internal 
watchdog (MAX691) is actuated, Fit 
ting the jumper disables this device: 
Default setting: jumper not fitted. 

Jumper J5 enables software control 
of the power-saving mode (15 fitted), 
or enabling of the internal watchdog, 
U5 not fitted). Default setting: jumper 
fitted, 

Jumper J6 determines whether or 
not the external real-time clock is 
allowed to generate interrupts. If the 
jumper is not fitted, the clock is unable 
to generate INTI signals. Fitting J6 
enables the clock to trigger INT 
Default setting: jumper fitted, 

Jumper J7 has two settings: either il 
connects pins 1 and 2, or pins 2 and 3, 
The setting is determined by the 
processor used in the circuit. The А 
type requires pins 2 and 3 ta be con- 
nected. Pin 60 of the CPU is then wired 
to the supply voltage. In all other cases, 
the connection between 1 and 2 has to 
be made, causing pin 60 to be con- 
nected to ground. Default setting: 
jumper fitted between pins 1 and 2. 

Jumper 18, finally, determines 
whether the analogue reference volt- 
age is connected to У. Default setting: 
jumper fitted 
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software for electronics 
Electronics Workbench v. 5 


With the launch of ver- 
sion 5, the mixed-mode 
electronic simulation 
program Electronics 
Workbench has become 
even more versatile and 
professional. The pro- 
gram now supports six 
analysis modes and 
offers about 4000 com- 
ponent models, includ- 
ing diodes, transistors 
analogue and digital ICs. 


Programs are short-lived in today’s 
software business. Most software 
houses release new, more extensive, 
better and faster releases of their pro- 
grams at very short intervals. Interac- 
tive Image Technologies Ltd. are no 
exception, producing frequent updates 
of their simulation program, albeit not 
at the rate kept up by Corel (yes, the 
makers of Corel Draw, and also a Cana- 
dian company). Fortunately, the 
improvements made by Interactive are 
invariably useful, so that a new version 
means a really worthwhile step for- 
ward to the electronic design engineer. 
Electronics Workbench is a program 
which allows you to simulate analogue, 
digital and mixed-mode circuits. The 
most remarkable feature of Electronics 
Workbench is the fact that the makers 
have always tried to mimic the (small) 
electronics laboratory as faithfully as 
possible on a computer. For this pur- 
pose, the program offers a number of 
generators and test instruments which 
may be connected to a virtual circuit to 
check its electrical behaviour. Initially, 
EWB was used mainly in schools, prob- 
ably because of its extremely user 
friendly interface. 
Over the past few years, and a couple 
of versions later, Electronics Workbench 
has grown into а full-blown simulator 
which is no longer confined to educa- 
tional use. These days EWB is also used 
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by professionals by virtue of its si 
user interface and utterly clear struc- 
ture, 

With the release of version 5, Interac- 
tive Technologies have successfully 
raised Electronics Workbench to the 
Jevel of a comprehensive simulation 
package which is ready to compete 
with existing professional products. In 
a sense, EWB represents the best of 
both worlds. On the one hand, inex- 
perienced users can easily draw cir- 
cuits on the screen, connect test vir- 
tual test equipment, and start analyz- 
ing the behaviour of a particular 
design. The professional user, on the 
other hand, may enter complex 
schematics with lots of bells and whis- 
tles, and subject these circuits to 
many types of simulation 

The new release is not only extended 
with respect to version 4, it is also 
marked by improvements in some 
areas. A less important, but still very 
convenient detail is the improved 
schematic capture (circuit drawing) 
program. The autorouting algorithms 
applied by earlier versions of EWB 
used to cause connection lines to run 
cross on the screen. This has been 
considerably enhanced. Although the 
improved line routeing operation will 
make no difference for the operation 
of the program, your circuit will look 
much neater for it. A substantial 














improvement is the simulation 
10 times faster than earlier versions, the 
makers claim. We would say the simu- 
lation speed now matches that of other, 
much more expensive, programs. А 
Spice 3F5 engine is now used for ana- 
logue circuit simulations. Furthermore, 
the number of analysis options has 
been extended to six: dc operating 
point, ac frequency (Bode plot), tran- 
sient response, Fourier analysis, noise 
behaviour and distortion analysis. 

Whereas the student or hobbyists is 
likely to employ test equipment which 
may be directly connected to junctions 
in the circuit, professional users will 
require more extensive analysis 
options, an aspect which was 
neglected to some extent by previous 
versions of EWB. Fortunately, version 
5 provides abundant recompense 
Besides the usual test instruments from 
the older versions you now have an 
Analysis Graphs window which shows 
a neatly arranged overview of all 
analysis data for all junctions in the cir- 
cuit. Grids and scales may be defined 
and adjusted to personal requirements. 
In the new version, you will look in 
vain for the parts window which used 
to appear beside the schematics win- 
dow. Instead, a button bar has been 
added which appears above the 
schematic. Here, the components are 
ordered in groups, which makes it 
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much easier to find them. Moreover, 
you may sweep and hide frequently 
used parts under a ‘favourites’ button. 
Electronics Workbench v. 5 contains a 
standard library of about 4000 models, 
which covers all widely used electronic 
parts, and sets a standard for the com- 
petition, including much more expen- 
sive programs. 

Just as with earlier versions, the user 


may select between the DIN and 
ANSI standards for displaying com- 
ponent symbols. Very useful for Euro- 
pean users! 

Schematics may be exported in various 
formats, for example, for processing by 
a PCB layout program. Alternatively, а 
circuit diagram may be saved in Spice 
format, while it is also possible to 
import a Spice netlist 
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Our only, minor, criticism on the new 
release concerns the appearance (with 
some analysis options) of messages 
telling you that functions are only 
available in the more expensive EDA 
version of the program. As far as we 
are concerned, Interactive Technolo- 
gies should have left out these mes- 
sages altogether, which would have 
made things a lot clearer. 
Electronics Workbench runs under 
Windows 3.1, 95 and NT. The absolute 
minimum to get going with the pro- 
gram is a 486 processor and 8 Mbytes 
RAM. We recommend a 133 MHz or 
faster Pentium and 16 Mbytes of RAM 
if the program is used intensively. 
EWB version 5 is priced at £199 exclu- 
sive of VAT and P&P. 
For professional users, there is Elec- 
tronics Workbench EDA, offering even 
more simulation options, including 
transfer function and Monte-Carlo 
analysis. This version, priced below 
£800 in the UK, also comes with 4000 
extra component models. 

(975048) 


Electronics Workbench is available from 
Robinson Marshall (Europe) Plc, Nadella 
Building, Progress Close, Leofric Business 
Park, Coventry CV3 2TF. Tel. (01203) 
233216, fax (01203) 233210, email 
sales@rme.co.uk. 





адуапсей 
LCR meter 


Part 3: Calibration and usage 








The design and construction of the LCR meter have been described in 
the April and May issues of this magazine.This 3rd and final part deals 
with the calibration and manner of use and also contains a comparison 

with a commercial LCR meter. 


11 FIX 
LCR 2100 


PRES. OFFSET 
Esc > 


Фе 
NP og 


RIS) BEFORE CONNECTING 


Figure 11. The front 
panel foil gives the 
meter a professional 
appearance. 


Design by H. Bonekamp 





INTRODUCTION 

In this final part of the article it is 
assumed that the construction is com- 
plete and that the meter is fitted in a 
suitable enclosure. To enhance the 
appearance of the meter, a front panel 
foil (see Figure 10) may be obtained 
through our Readers Services 
(towards the end of this issue), 


CALIBRATION 
The calibration embraces three steps. 
The first step concerns the setting 
of the oscillator frequency of the 
CODEC. To do this, connect a fre- 
quency meter between the PCB pin to 
the left of IC; and earth. Adjust C» for 
a reading of 12.288 MHz on the meter. 
The second step refers to the zero 
and infinity calibration, in which the 
user is guided automatically to the 
required actions by the software con- 
tained in the meter. For the zero cali- 
bration, short-circuit the test terminals 
with a 1 mm thick strip of aluminium. 
Drill a suitable hole in the centre of 
this strip to make space for the screw 
at that position in the test adaptor. 


When this process is completed, store 
the settings in MEM 0. This is facili- 
tated by actuating the MENU (by 
pressing switches 5: and $3) and enter- 
ing them by pressing ENT(er) switch 
S3. Then, press three times on “>”, 
whereupon the digit “0” appears on 
the display. Again, store the settings by 
pressing ENT. 

The third, and most important, step 
concerns the so-called pole calibration 
In this, three poles at defined positions 
must be set to zero. The procedure for 
this is actuated by pressing S; and S3 
for five seconds. The necessary instruc- 
tions are then shown on the display 
During this process, the adaptor for a 
four-wire test must be used (see box on 
page 38 of the May 1997 issue). Use of 
a test lead is not recommended. Also, 
use low-inductance resistors (whose 
accuracy does not matter). 

When the process has been com- 
pleted, check that the dissipation fac- 
tor, D, is infinity (ее) using the same 
resistors as used for calibrating each of 
the poles. If it is not, the calibrations 
must be repeated. 
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impedance 


Designers of passive components such as capacitors, 
resistors and inductors aim to make them perfect compo- 
nents. It depends to a large extent on the application 
whether their efforts are successful or not. 

For instance, if a resistor is used in a current source, 


only its tolerance (and perhaps its 





temperature coefficient) will affect 
the performance of the source. If 
the same resistor is used in an r.f. 
circuit, or as emitter resistor in an 
amplifier, or in a frequency-com- 
pensated attenuator, its parasitic 
part may have a considerable effect 
оп the performance. In such situa- 
tions, the impedance (that is, the 
vector sum of the reactance and 
resistance) rather than just the resis- 
tance of the component is the 
important factor. 

When a capacitor is used as a 
time-determining element, its para- 
sitic resistance will have a substan- 
tial influence on the performance. | 

In the same way, the parasitic | 
series resistance of an inductor 
greatly affects the Q(uality) factor of 
the component. 

The illustrations show what kind 
of practical component a given resis- 
tor, capacitor or inductor really is. | 


FINALLY 
When the calibration has been com- 
pleted, the LCR meter can be taken 
into use. Note that when components 
with a reactance or resistance lower 
than 1 KQ are tested, the four-wire test 
(вее page 32 of the April 1997 issue) 
must be employed. 

Best results are obtained if the spe- 
cial test adaptor is used. This adjunct 
automatically arranges the correct 
links between the device on test and 
terminals РСу-РСц. If a test lead is 
used, connect this to K;. Note that all 
test leads should be screened types. In 
the prototype, use was made of the 
thin screened lead contained in a 
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electrolytic 
capacitor foil or air capacitor 
c 
БЫ —= 
= 
- e—— 
self-inductance 
high value R low value R 
= 
LJ 
= 
Ф! 
970028 - 17 


SCART cable. Four such leads fit with- 
out any problems into a mini DIN 
plug. Note that when test leads are 
used, it is imperative for good results 
that the zero and infinity calibration is 
repeated. If such leads are used regu- 
larly, the calibration settings should be 
stored in one of the available memo- 
ries (MEM1-MEM3). 


оо, 





The LCR meter can display the impedance in one of four 
different ways as shown below. For this purpose, it is impor- 
tant to know that a series impedance can be converted into 
a parallel (or shunt) impedance and vice versa. The instru- 
ment itself determines whether the Q(uality) factor or the 


D(issipation) factor will be dis- 
played. The Q-factor is used when 
it is 2 1 (inductor or capacitor with 
small resistance; the prime compo- 
nent is reactive). The D-factor is 
used when Q«1 (resistor with low 
inductance and capacitance; the 
prime component is resistive). The 
data pages in this issue (towards 
the end) give the equations with 
which the various impedances may 
be converted. 


. Serial prime + secondary 


. parallel prime + secondary 


. serial prime + Q-factor ог 
D-factor 


. parallel prime + Q-factor ог 
D-factor 


When reactances or resistances 
> 1 МО аге to be measured, it is advis- 
able to repeat the calibration just prior 
to the measurement. This may sound 
tedious, but it enables any drift in the 
parasitic impedance to be compen- 

sated. 

Not only linear but also non-linear 
components may be tested, but when 
this is done, attention must be paid to 
the setting of the meter. Use option 
FIX by pressing S, and S; to select a 
constant test voltage of 0.1 V,,. Unfor- 
tunately, this makes determination of 
the secondary component rather less 
accurate. Whether FIX is enabled is 
indicated by the letter “и” between 
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two arrows at the last position on the 
second line of the display. This option 
should also be used when the device 
on test is shunted by a semiconductor. 
Owing to the low voltage, the semi- 
conductor remains blocked and does 
not affect the measurement. 
Key-switch 5) enables a positive or 
negative offset to be actuated. This 
makes it possible for electrolytic capac- 
itors to be tested in the correct cir- 
cumstances. This option is also useful 
for testing components that contain a 


вегего 


Serres 





semiconductor. The setting of an offset 
is indicated by a “+” or "-" at the last 
position of the first line of the display 

This completes the information that 
can be given for using the LCR meter 
correctly. However, practice makes 
perfect and it is, therefore, only by 
using the instrument that you learn 
what effect the various settings have 
on a diversity of tests. 


HOW GOOD 
METER? 
Most constructors like to know what 
they are getting for their money and 
efforts, and this can be shown in two 
ways 

The first is a characteristic that 
shows the worst-case accuracy and 
this is shown in Figure 12. In this, the 


IS THE 


operating controls 


x-axis shows the absolute value of the 
tested component, while the y-axis 
shows the measurement error in the 
value of that component. 

The second way is a comparison 
between the present meter and a com- 
mercial LCR meter. For this, the 
Hewlett-Packard Type HP4263B LCR 
meter was chosen, This instrument, 
depending on the number of optional 
extras, costs between £2000 and £2500 
and has a basic accuracy of 0.1%. In 
contrast to the present meter, it uses 
five different test frequencies; 100 Hz, 
120 Hz, 1 kHz, 10 kHz and 100 KHz. Its 
measurement ranges are rather wider 
as shown below. 


Quantity Range 

IZ, X 1то- 100 мо 

lY|,G B 10ns- 1000s 

C 1pF-1F 

L 10 nH - 100 КН 

D 0.0001 - 9.9999 

Q 0.1 – 9999.9 
-180° – +180° 
-999.99 - 999.99% 


From this, it is clear that the differences 
between the present meter and the HP 
instrument are not that large. Itis true 
that matters of vital importance to pro- 
fessional designers, such as guaranteed 
accuracy, long-term stability, reliability, 
and others, are not being considered, 
but these are not so important to ama- 
teur designers or in small workshops. 
And in all this, it must, of course, be 
borne in mind that the present meter 
is considerably less expensive than a 
commercial one. {970028-3) 





S3 CAL/ENT 
All functions of the LCR meter are actuated by the three Calibration of zero and « (items may be 
operating push-button key switches on the front panel. The ignored with EX) 
list below gives a brief overview of how the controls should Enter: confirmation of chosen selection 
be used. The various functions are marked on the front $1+S2 FIX 
panel. Sets the test voltage to 0.1 V (pressing the 
key actuates or deac 
Control Function tuates the function; if it is actuated, the 
last character on the dis 
5; PRES/ESC play reads > и < 
display: 1. serial prime + secondary (press once) $1+S3 Pole calibration 
2. parallel prime + secondary (press (>5s) 1 pole ВМ;, R = 100 КО 
twice) 2 pole PGA;o, R= 1 КО 
3. serial prime + Q-factor or D-factor 3 pole PGA;g, R= 12 
(press three times) 4 store (0) calibration (this calibration 
4. parallel prime + Q-factor or D-factor point may be ignored with 
(press four times) “ESC” 
escape: discontinue selected function S2+S3 Menu memory functions 
S2 OFFS/> Store MEM 1, 2, 3, 0 
OFFSET: setting the offset of the measur- Recall MEM 1, 2, 3, 0 
and 0, -, + (select item with ">", confirm with "ENT", 
(the component value, together with a 4- and prematurely dis 
or –, is shown on the continue with "ESC") 
first line of the display) 81+82+8з Resetting the hardware 


P 
next item 


All settings are retrieved from memory 
MEM 0. 





56 


Elektor Electronics 





т 
Ф 
а 
S 
m 
Ф 
е 
5 
ЕА 
5 
g 


46/9 


Ns 


“ Advanced LCR Meter 


Quick Reference Card 





ELECTRONICS 
DATASHEET 06/97 


Push-buttons on front panel 


FIX- [-MENU 


PRES. OFFSET CAL 
Esc > ENT 


Instrument reset — ------------------ 

















„ПВО 


PRES OFFSET CAL 



























973006 - 15 


Presentation of component value on display (4 
options) 
secondary = stray component 
Pee eae i e И, s 0 = quality factor 
RESENTATION | D = dissipation factor 
4 


foo ts pres | parallel/secondary —> | pres 























PRES parallel/Q,D &— | Pres serial / Q, D L 
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Quick Reference Card 


Menu used for storing and recalling instrument settings 
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Quick Reference Card 
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Offset setting for device on test 





Test voltage applied to device on test 





| АХ TEST 
| VOLTAGE | 








Equations for Serial-to-Parallel and Parallel-to-Series conversion 






R,=R; (1+) 
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Calibration procedure for infinite and zero-ohm settings 


RESTART MEASURE 


DATASHEET 


973006 - 14 





06/97 


6/97 


Elektor Electronics 


58 










| 








« Remote control 


by telephone 


Telephone-controlled 
switching on a budget 





In this article we 
describe a system 
which enables you to 
control and check the 
status of electrical 
appliances by means 
of commands sent 
over the public 
switched telephone 
network (PSTN). 
That's right, no boxes 
crammed with hard- 
ware, and no prob- 
lems with BT type 
approval: all you need 
are a PC and a 
Hayes-compatible 
modem at both sides 
of the link. Mind you, 
this equipment need 
not be state-of-the art: 
with some restrictions, 
even old 286-ATs and 
2400-baud modems 
can be dusted off to 
do the job. 


By David & Peter Hildenhagen 


This project is based on three ingredi- 
ents: (1) a program written in Quick- 
BASIC (QBASIC) v4.5, (2) the parallel 
port on your PC and (3) any type- 
approved Hayes-compatible modem, 
internal or external. With an abun- 
dance of old PCs around these days, 
modem prices dropping every day, 
and software supplied on disk by the 
Publishers, we think that sourcing 
these ingredients should not be a 











problem. In any case, the total effort in 
obtaining them will be worth your 
while as compared to building a dedi- 
cated DTMF-controlled receiver unit 
with lots of bells and whistles. 

The program has been kept as sim- 
ple as possible, and is open to experi- 
mentation and extension to personal 
requirements. Indeed, this article is 
aimed at those of you who like to 
experiment and have older computer 











D 
[p [Use pulse dialing ——— 

kg | Use tone dialling 

|, | Pause sii 

[w | Wait for dial tone - " 

10-3 _ | Loudspeaker volume, 0 (off), 1, 2 or 3 (тах) 

+++ "| Switch to On-Line Command mode ____ 

H ]Hagup | 

xoc | Disable dial and busy tone detection (often useful for extensions) | 
Sn? ~ | Request 2 in S-Regi = = = 

Sn=x 








| Example: АТ Хт DT 0,0123 45678 


| Possible application in a system using a telephone exchange, where a 0 has to be 


| dialled, followed by a pause, to get an outside line. 
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equipment available for this 
purpose. First, however, let's 
have a look at the arrange- 
ment of the components that 
form the system. 


THE BIG IDEA 
Simple, as you can see from 
the drawing in Figure 1. Most 
of the units shown will be 
familiar to those of you who 
own, ог have access to, an 
IBM-compatible PC. The fact 
that ready-made, type- 
approved, modems are used 
(say, inexpensive 14K4 internal 
or external types), allows the 
system to exchange com- 
mands over the PSTN without 
problems. Commands for 
what? Well, what about 
switching on your coffee 
machine, or lowering the 
(electrically operated) sun 
blinds at home, or monitoring 
the alarm system in your hol- 
iday home, from any location 
where a PC and a modem are 
installed (dare we say it... your 
office, may be?). 

The operation of the system is illus- 
trated by the flow chart shown in Fig- 
ше 2. Note that the receiving stations 
returns an acknowledge signal to con- 
firm correct reception of a command. 
This is done to give you certainty that 
any command you just sent has been 
received properly. The system as 
described is experimental, and allows 
up to eight devices to be controlled, 
and another eight to be monitored. 




















ABOUT THOSE MODE 
Most, if not all, modems used for PC 
communications by telephone are 
compatible with (а part of) the Hayes 
Modem Command Set. This set is often 
referred to as the AT Command Set 
because all commands start with the 
letter combination AT (for ATtention). 
An overview of all AT commands sup- 
ported by your modems should be 
printed in the user manuals. An 
overview of the main AT commands 
used by the present software is shown 
in Table 1. 

Modems generally work in one of 
three modes: Command Mode, Data 
Mode or On-Line Command Mode. 
The Command Mode is used to send 
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Transmitter 











may not be needed 


* internal or external modem. 





Receiver 











AT commands to the modem, initialize 
it, and establish communication. Once 
the link to another modem has been 
established (i.e., after the baud-rate 
negotiation’ phase) the modem is 
switched to Data Mode which is used 
for the data exchange proper. In this 
mode it is not possible for the modem 
to execute AT commands. Once the 
data exchange is finished, the modem 
switches to On-Line Command Mode, 
which is used to go off-line again. In 
this mode, it is possible to process AT 
commands again. 

Returning to the modem com- 
mands, a special function is reserved 
for the so-called S-Registers which 
serve to program and store basic set- 
tings of the modem. The main 
ister is S0 which enables/disables 
auto-answering. Note that some 
older modems require the 528 regis- 
ter to be loaded with the value 5 to 
enable a connection at 9,600 baud to 
be established. 











THE PARALLEL 
ISSUE 
Digital output data (bits) which serves 
to control external electrical appliances 
at the receiver side is available on the 
8data lines, 00-07, of the parallel 
printer port (pins 2 through 9). Digi- 
tal input information is read by the 
same port via the Status Register (pin 
10 through 13, 15) and the Control 
Register (pin 1, 14 and 16). All pin 
numbers refer to the 25-way sub-D 
socket of the PC's parallel port. The 
associated signal names and 36-way 
Centronics plug pin numbers may be 
found in Table 2. In this way, eight bits 
may be input and output in parallel 
fashion, all under the control of the 
QBASIC program. Note that the level 
of the BUSY bit is inverted in the sta- 
tus register, while the STROBE and 
AUTOFEED lines are active-low. All 
three lines may therefore have to be 
inverted if you want to modify the 
software and/or hardware as shown 
here. 

The (usual) addresses of the paral- 
lel port are shown in Table 3, along 
with those of the data, status and con- 


PORT 














qv 





telephone 


trol registers. You will need this infor- 
mation later if you want to adapt the 
QBASIC program for use with, say, 





Receiver 








Transmitter 
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Figure 2. Flow charts 
of the programs run- 
ning on the transmit- 
| 
Signal n ТЕ tesa Centronice | 
| VC IS T ETa 
[Data 0-7 - 2-9 | 
| Acknowledge 10 10 | 
| BUSY 11 11 
| Paper Empty 12 B 12 
[Select | Поне еи: 
| Auto Linefeed | 14 14 
Error 15 32 
[Reset ЕЕГ Sho A 
Select Input 17 36 | 
Ground (0V) 18-25 19-3033 | 
Signal Ground | 16 
[Chassis Ground | | 7 
45V | 18 
Not used | 34,35 
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Table 3. Parallel Port Address Seleci 





а мито 
* [38 | 48 | 88 | 
[TPT | 3BCh | 3BDh | зве 1 
LPT2 | S78h | a79h | З7АП 





| LPT8 | 278h 


| 279н | 27Ah 
LPT4 | 2BCh | 2BDh | 2Beh 





LPT2. When in doubt about LPT 
addresses and availability in your sys- 
tem, run the BIOS setup on your PC, 
or use MSD (Microsoft Diagnostics). 


THE PROGRAMS 

The program TX.BAS is used at the 
transmitter side, the program 
RX.BAS, at the receiver side. Both 
programs are found on a disk which 
you may order through our Readers 
services as number 976005-1. To set up 
а communication, you have to start 
RX.BAS before TX.BAS, in other 
words, the receiving machine has to 
be on stand-by all the time. 

Both programs start with routines 
that set the parameters of the serial 
interface (to which the modem is con- 
nected). QBASIC unfortunately limits 
the maximum baud rate to 9,600 bits/s. 
The good news is that most modems 
of the 14K4 and 28КВ class are capable 
of stepping down to 9K6 or even 
lower without the slightest problem 
Next, an AT command sequence is 
sent to the modem to set various para- 
meters and to initiate the dialling 
process. When the communication 
with the remote modem is established, 
the modem at the transmitter side is 
switched to on-line mode. You may 
then enter numbers between 1 and 8 
to set the corresponding bits DO 
through D7 in the printer data register 
of the PC at the receiver side. The 
received number is echoed back to the 
transmitter to assure you that the com- 
mand has been received, and passed 
to the subroutine SUB OUTPUT. 

The bits in the data register and the 
input signals applied to the parallel 
port (status and control registers) may 
now be interrogated by pressing the 
"5 Key. To be able to understand and 
process the numbers returned by the 
receiving PC, you need to convert 
them to binary values. An example: 


output status: 173 
means that the following bits are set: 


173 = 2742529422420 = 


binary 10101101 


So, the output configuration on the 
data lines is: 
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Ри 2 3 


4 6789 
Leve: H L H H.BH. DH 


го 


The levels applied to the input lines 
are decoded in a similar way (but note 
the staggered order): 


Pin: 1 10 11 12 13 14 15 16 
Value: 20 26 27 25 24 21 23 22 


The routine called SUB OUTPUT in 
the receive program arranges the out- 
putting of data on the parallel port. A 
trick is used for this purpose: the indi- 
vidual pins are addressed using an 
XOR combination, that is, only the bit 
to be set is changed - all others retain- 
ing their earlier levels. 

The SUB STATUS routine in the 
receive program does an XOR with 
the first five bits of the status register 
and the first three bits of the control 
register. The program may be ended 
by pressing the Esc (escape) key. This 
breaks the connection with the 
remote station, and both modems will 
go off-line. 


PORT INTERFACE 
ELECTRONICS 

Each of the data lines of the parallel 
port on the receiving computer may 
be fitted with a one-transistor LED 
output driver as shown in Figure 3. 
The input electronics is likewise sim- 
ple, consisting of just two resistors on 
each control or status line, see Figure 4. 
The push-button may, of course, be 
any normally-open contact, such as 
that of an actuator relay which forms 
part of a domestic alarm system. For 









Pin 10.17 
о 
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Figure 4. Input inter- 
Тасе (опе aq eight). 


Figure 5. Extract of 


the interface power supply we suggest the transmitter pro- 
a 7805 three-pin voltage regulator. gram, TX.BAS. Here, 
(970044) the part that handles. 
the modem initializa- 
tion is shown. 
5 oon Remote Control by Telephone . 
да: Transmit Program 2 
" Peter Hildenhagen David Hildenhagen * 
я Copyright 1997 Segment BV, Beek, The Netherlands * 


DECLARE SUB DELAY (pause&) 
DEFINT A-Z 


"Нове: QBasic does not support СОМЗ в COMÁ!! 


OPEN "COM2:2400,N,8,1" FOR RANDOM AS #1 LEN = 256 


TelNr$ = "12345" 


PRINT "AT DT" 4 TelNr$ 
PRINT #1, "AT DT” + TelNr$ 


Do 
KeyIn$ < UCASES(INKEYS) 


"бег. interface 
"Modem setup 
'Max. 9600 Baud 


'phone number 


'echo setting 
'initialise modem 
'change if necessary! 
‘main loop 


‘scan keyboard and change 


‘input to upper case 


IF KeyIn$ = CHR$(27) THEN 


EXIT DO 


ELSEIF ((KeyIn$ > "0") AND (KeyIn$ << 


PRINT #1, 
END IF 


CHRS(13) + 








‘Exit? (Esc pressed) 
9")) OR (KeyIn$ 
+ KeyIn$ + CHR$(13); 





"Command " 








emperature-voltage 
converter for DMMs 





E 


Temperature measurement 
circuits have been 
described on several occa- 
sions in this magazine. 
Although pretty accurate, 
these circuits were generally 
extensive and relatively 
costly to build. By contrast, 
the thermometer adapter 
described in this article is 
inexpensive and simple to 
build. None the less, the 
converter is sufficiently 
accurate and reliable for 
most applications. 


Design by F. Hueber 





cheap and useful 





Electronic engineers and designers 
have a special interest in the operating 
temperature of components, sub-cir- 
cuits and even complete electronic and 
electrical apparatus. Stand-alone tem- 
perature meters as well as add-on 
units for use with DMMs (digital mul- 
timeters) are commercially available 
for this purpose. Most of these units 
offer a large temperature range of 
200°C or more, and are fairly expen- 
sive. With occasional use in mind, 
however, the investment in a such a 
costly electronic thermometer is hard 
to recover. In most cases, a tempera- 
ture range of – 30°C to +120°C will be 
perfectly adequate. Moreover, that is 
easily realized using common-or-gar- 
den components 





MEASURING BRIDGE 

BASED ON P-N JUNCTION 
As you can easily see from the circuit 
diagram shown in Figure 1, the essen- 
tial part of the T/V converter is a resis- 
tor bridge. Resistor R7 provides a con- 
stant current through the sensor, 


which is either formed by a transistor 
p-n junction or a silicon diode. An 
adjustable voltage divider, R1-P2-R2, is 
responsible for the constant reference 
voltage at junction B. The voltage 
between junctions A and B, also called 
the measuring gradient, is proportional 
to temperature change. Provided it is 
properly scaled to give a meaningful 
readout, the measured voltage is easily 
indicated by a high-impedance volt- 
meter. For this purpose, the circuit has 
a second preset potentiometer, P1, 
which is incorporated in the measur- 
ing bridge. The adjustment of P1 will 
be discussed further on in this article. 

To prevent the sensor from heating 
up as a result of its internal current 
flow, the bridge section is operated at 
a low voltage and current level 
Adjustable voltage regulator ІСІ, an 
LM317, provides a bridge supply volt- 
age of only 3 V. To ensure that this 
value remains stable, close-tolerance 
(1%) resistors are used in positions R5 
and R6. Because the current consump- 
tion is below 2.5 mA, and the battery is 
allowed to go as ‘flat’ as 5 V, the 9-V 
PP3 battery will last a number of years 
in this circuit. 





A HOME-MADE SENSOR 
The sensor may be a silicon diode (for 
example the ubiquitous 1N4148) or a 
silicon transistor. The ultimate part for 
this application is a miniature transistor 
type BC146 (from Philips or Temic/Tele- 
funken) or the BC121, BC122 or BC123 
from Siemens. Unfortunately, these 
devices are no longer manufactured, 
although with some luck they may still 
be found in the electronic surplus trade. 
The good news is that modern transis- 
tors like the BSX20 (having a metal case 
for good thermal contact) BC546B 
(plastic case) or the SMA-style BC848B 
(more difficult to use) may also be 
employed here. The thermal capacity 
of the transistor case determines the 
converter's reaction speed to tempera- 
ture changes. A small metal case 
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Figure 1. The соп- 
verter consists of a 
measuring bridge and 
а power supply. 


ensures fast measurements, while large 
plastic cases exhibit a sluggish response 
to temperature variations. Whichever 
you use, the sensor is connected to the 
converter by means of a sufficiently 
long, screened, cable. The wire con- 
nections to the emitter and base termi- 
nals of the transistor are properly iso- 
lated, while the collector remains open. 
The actual construction of the temper- 
ature probe depends on your applica- 
tion and requirements. For example, 
the transistor may be fitted in a pen 
holder whose tip is drilled to size, 
allowing the transistor body to be 
secured with two-component glue. A 
3.5-mm jack plug may be fitted at the 
free wire end. 








CONSTRUCTION AND 
CALIBRATION 

Populating the printed circuit board 
shown in Figure 2 should take only a 
few minutes. All resistors should be 
metal film types which guarantee 
long-term stability of the circuit. Cer- 
met multiturn presets are used for the 
same reason. 

To calibrate the circuit you need a 
small amount of distilled water which 
is put in a freezer to make ice cubes. 
Put the ice cubes into a glass, and add 
water until they just start to float. Stir 
frequently, and allow the cubes to 
thaw about half-way. The temperature 





COMPONENTS LIST 
Resistors: 

R1 = 56kQ 

R2 = 10kQ 

R3 = 560kQ 

R5 = 5620 1% 

R6 = 7872 1% 





100k22 
10kQ multiturn preset 
P1 = 200k multiturn preset 


Capacitors: 
C1,C2 = 100nF 
СЗ = 22uF 16V 


Semiconductors: 

IC1 = LM317, LM317L (TO92) ог 
LM317T (TO220) 

Sensor = BC546B, BSX20 or 
1N4148 (see text) 





Miscellaneous: 

Bti= 9V PP3 battery with clip 

81 = slide switch, toggle, PCB 
mount 

K1 = stereo jack socket, 3.5mm, 
PCB mount 

2 solder pins 
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p-n junction as temperature sensor 


The p-n junction of a silicon semiconductor is employed as a temperature sensor in the converter 
described here. Basically, it is irrelevant whether a diode is used, or a diode junction (base-emit- 
ter junction) of a bipolar transistor (whose collector is not connected). 
A silicon р-п junction is marked by a negative temperature coefficient. The voltage dropped by the 
junction under forward biasing conditions decreases by about 2 mV with a temperature rise of 1 K. 
Although the exact value depends on doping level of the semiconductor material, and the manu- 
facturing technology, it remains virtually constant over the entire temperature range we are inter- 
ested in, provided, of course, the bias current remains constant. 
The absolute voltage drop across the junction is between 380 mV and 430 mV with a low-power 
diode (at 25 2С and 25 нА), and between 520 and 550 mV with a low-power transistor. Cooling to 
0°C causes the voltage drop to rise by about 50 mV, or 110 mV at – 30°C. Heating the semicon- 
ductor to 100°C causes the 25 °С specification to decrease by about 150 mV. At 120°C, the 
decrease is 190 mv. Incidentally, two-component glue and the pen holder plastic will start to soften 
at this temperature, hence this upper limit for the present circuit. The total variation of the sensor 


voltage is, therefore, some 300 mV. 





of the wate: 
close to 0°C. 

Put the (electrically isolated) tem- 
perature sensor in the water/ice mix- 
ture. Set the DMM to the 200-mV 
range. Next, adjust P2 until the meter 
reads 00.0. If necessary, repeat this pro- 
cedure several times, not forgetting to 
gently stir the water/ice mixture 
between measurements. 

Preset P1 has virtually no effect on 
this calibration, and should be left at 
а mid-travel setting. 





ice mixture is then very 








Figure 2. Copper track 

2 layout and component 
mounting plan (board 
not available ready- 
made). 











Next, heat the water to the boiling 
temperature, and immerse the probe 
again. Wait until the readout is sta- 
ble, then adjust P1 for a meter read- 
ing of 100 (mV). 

To enable the circuit to be accu- 
rately adjusted, the cermet présets 
have a relatively small range. If a par- 
ticular range is not large enough, it is 
perfectly possible to change the value 
of one the fixed resistors in the bridge. 

The boiling temperature of water 
depends on the relative air pressure. 
Fortunately, unless you are at the top 
of a really high mountain, or smack in 
the eye of a hurricane, the deviation 
caused by low or high air pressure is 
insignificant with respect to the nor- 
mal measurement error of 1.5 °C. 
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EMC DIRECTIVE 
From 1 January 1996, home-made equip- 
ment must take into account етс Directive 
89/336/eec (етс = ElectroMagnetic 
Compatibility). Basically, the directive 
states that no equipment may cause, or be 
susceptible 10, external interference, Here, 
interference means many phenomena, 
such as electromagnetic fields, static dis- 
charge, mains pollution in the widest 
sense of the word. 


Legislation 
Home-made equipment may be taken into 
use only when it is certain that it complies 
with the directive. In the United Kingdom, 
the dti (Department of Trade and Industry) 
will, in general, only take action against 
offenders when a complaint has been 
‘made. If the equipment appears not to com- 
ply with the directive, the constructor may 
be sued for damages. 


се 


Elektor Electronics 
and the Directive 


ce label 
Home construc- 
tors need not affix 
a ce label to their 
equipment 


The publishers of Elektor Electronics intend 
hat designs published in Ihe magazine 
comply with the directive. Where necessary, 
additional guidelines will be given in the arti- 
cle. However, the publishers are neither 
‘obliged to do so, nor can they be held liable 
for any consequences if the constructed 
design does not comply with the directive. 
This column gives а number of measures 
that can be taken to ensure that EE- 
designed equipment complies with the 
directive. However, these are needed only in 
some designs. Other measures, particularly 
incase of audio equipment, are not new and 
have been applied tor some time. 


Why етс? 
The important long-term benefit for the user 
is that all electrical and electronic equipment 
in a domestic, business and industrial envi- 
ronment can work harmoniously together, 


Radiation 

The best known form of emc is radiation that 
is emitted spunously by an apparatus, either 
through its case or its cabling. Apart from 
limiting such radiation, the directive also 
requires that the apparatus does not impart 
spurious energy to the mains—not even in 
Ihe low-frequency range. 





Ferrite through-liters as illustrated are used 
lor feeding cables through a panel. 


Immunity 
The requirements regarding immunity of 
an equipment to emc are new. Within cer- 
tain limits of ambient interference, the 
apparatus must be able to continue work- 
ing faultlessly. The requirements are fairly 
extensive and extend to a wide range of 
possible sources of interference. 


Computers 

Computers form the prime group for appli- 
cation of the directive. They, and micro- 
processors, are notorious sources ol inter- 
fering radiation. Moreover, owing to the way 
in which their internal instructions are carried 
‘out sequentially, they are also very sensitive 
1o interference. The notorious crash is but 
‘one manifestation of this. 


Enclosures 

Ahome-made computer system can cómply 
with the етс directive only if itis housed па 
metal enclosure. A minimum requirement is 
that the underside and rear of the enclosure 
is an l-shaped frame. All cabling must con- 
verge on this area or be filtered. If there are 
‘connectors on the front panel, a u-shaped 
metal frame should be used 

Even better results are obtained На 20 
mm wide, 1 mm thick copper strip is fixed 
along the whole width of the rear wall with 
screws at 50 mm intervals. The strip should 
have solder tags at regular distances for 
use as earthing points, 

А closed case is, of course, better 
than an |зпарей or u-shaped frame. It is 
important that all its seams are immune to 
radiation ingress 


Power supplies 

In any mains power supply, account should 
be taken of incoming and outgoing interfer- 
ence. It is good practice to use a standard 
‘mains fiter whose metal case isin direct con- 
tact electrical contact with the enclosure or 
‘metal frame, Such a filter is not easily built at 
home. tis advisable to buy one with integral 
mains entry, fuse holder and on/off switch. 
This also benefits electrical safety in general 
Make sure that the primary of the fiter is ter- 
minated into its characteristic impedance— 
normally a series network of a 50 0, 1 W 
resistor and a 10 пЕ 250 V capacitor. 

Mains transformers must be provided 
with re-networks at the primary and sec- 
ondary side. Bridge rectifiers must be fitered 
by re-networks. The peak charging current 
into the reservoir capacitor must be limited 
by the internal resistance of the transformer 
or by additional series resistors. It is advis- 
able to use a 250 V, 2 W varistor between the 
live and neutral mains lines. At the sec- 
ondary side, it is sometimes necessary to 
use а transient suppressor, preferably fol- 
lowing the reservoir capacitor. 

"Пре supply is used with digital systems, 
а common-mode inductor in the secondary 
ас. lines may prove beneficial for limiting 
radiation. For audio applications, an earth 
screen between primary and secondary is 
advisable. This screen must be linked via a 
short wire with the earthing strip. 

The supply must be able to cope with a 
mains failure lasting four periods and with 
mains supply variations of + 10% and -20*.. 
Peripheral equipment and earthing 
Al cables to and from peripheral apparatus, 
Such as measurement sensors, control 
relays, must be fed through the metal wall of 
the enclosure or frame. The earth lines of 
such cables must be connected directly to 
the earthing strip at the inside of the enclo- 
sure or frame via a wire not longer than 50 
mm. When plugs are used, the cable earth, 
it any, must be connected to the earth pin ог 
the metal surround of the connector 

Basically, all non-screened signal lines 
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must be provided with a Мег consisting of 
not less than а 30 mm ferrite bead around 
the cable or bunch of wires. This bead may 
be outside the enclosure (ог instance, 
around the pc-to-monitor cable). 

Leads that may have a resistance of 
150.9 must be provided with a 150 Q series 
resistor at the inside of the connector shell. 
technically feasible, there should also be a 
capacitor пот this point to earth. 
Commercial feedthrough titers or r-fiters 
may, of course, be used. In all other cases, 
screened cable must be used for connec- 
tions within the enclosure, Symmetrical lines 
must consist of twisted screened cable and 
be earthed at both ends. 

The earth plane of printed-circuit boards 
must be linked as firmly as feasible with the 
earthing strip, for instance, via a flexible flat 
metal strip or flatcable. 


Electrostatic discharge (esd) 

All parts of an equipment that can be 
touched from outside must preferably be 
made from insulating, antistatic material. All 
parts that can be touched and enter the 
enclosure, such as potentiometer and 
switch spindles, must be earthed securely. 
All inputs and outputs whose wires or con- 
nector pins can be touched must be provid- 
ed with an earth shield, for instance, an 
earthed metal surround via which any elec- 
trostatic discharge are diverted. This is most 
conveniently done by the use of connectors 
with sunken pins, such as found in sub-d 
connectors, and a metal case, 


Audio equipment 

Immunity to radiation is the mast important 
requirement of audio equipment. It is 
advisable to use screened cables through- 
ош. This is not always possible in case of 
loudspeaker cables and these must, there- 
fore, be filtered. For this purpose, there are 
special high-current tHilters or z-fiters that 
do not affect bass reproduction. Such a fil- 
ter must be fitted in each loudspeaker lead 
and mounted in the wall of a metal screen- 
ing box placed around the loudspeaker 
connections. 


Low-frequency magnetic fields 
Screened cables in the enclosure do not 
provide screening against the low-frequen- 
Cy (« a few kHz) radiation of Ihe mains 
Transformer. Therefore, these cables must 
Tun as close as possible to the walls of the 
enclosure. Moreover, their braid should be 
linked at one end to the earthing strip. In 
extreme cases, the power supply should be 
fitted in a self-contained steel enclosure. 
Special transformers with a shading ring 
that reduce the stray field can lower the 
hum even further. 


High-frequency fields 
High-frequency fields must not be allowed 
to penetrate the metal enclosure. All exter- 
па! audio cables must be screened and the 
screening must be terminated outside the 
enclosure. This again necessitates the use 
of all-metal connectors. All cable braids 
must be linked to the earthing strip inside 
the enclosure. 

‘Owing to the skin effect, itis important to 
choose an enclosure with a wall thickness 
>2 mm to ensure that internal and external 
fields are kept separate. Any holes must be 
either small (<20 mm) or be covered with a 
metal mesh. 


Heat sinks 

Heat sinks should preferably be inside the 
enclosure and be earthed at several points. 
Non-earthed heal sinks in switch-mode 
power supplies often create problems. If 
possible, place an earth screen between 
transistor and heat sink, Ventilation holes 
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Standard mains filters built into а mains entry 
together with an onjatt switch. The metal shell. 
‘must be in firm contact with the enclosure. 


must be covered with metal mesh unless 
they are smaller than 20 mm. Ventilators 
should be fitted inside the case. 


Cables 

Cables often function as transmitreceive 
aerials. This applies equally ме! 10 
screened cables, The braid of a coaxial 
cable must be terminated into a suitable 
connector such that it makes contact along 
the whole circumference. The braid may be 
used as the return path to obtain rf. mag- 
netic screening. For af. magnetic screening 
it 15 better to use twisted-pair screened 
cables. In a ribbon (На!) cable, each signal 
wire should be flanked, if at all possible, by 
earthed wires, The cable should be 
screened along one surface or, preferably, 
all around. Cables that carry signals 2 10 
kHz that are not filtered in the enclosure. 
must be provided with a ferrite bead func- 
tioning as a common-mode inductance. 


Printed-circuit boards 

Elektor Electronics printed-circuit boards 
are provided with coppered fixing holes that 
are connected to the earth of the circuit. This 
arrangement, in conjunction with metal 
spacers, ensures good contact between the 
board and the circuit earth. Where this is 
important, boards have а special earth 
plane that can be connected, where feasi- 
ble, to the earthing strip ма а fatcable. 
These boards normally have no other earth- 
ing points and their fixing holes are, there- 
fore, not соррегеа 


(980006) 





THilters and т-Пегз ensure that interference. 
cannot em te from, or enter, the equipment via 
signal lines. They are available in various cur- 
rent ratings and for various Irequency ranges. 
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CORRECTION 


LCR Meter Part 2 (May 1997) 
The description of L} in the Parts list on 
p. 35 (Miscellaneous) is incorrect: it 
should read: L; = 1 uH (RDC = 0.16 Q, 
12124) 
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The TUP-500 Universal рго- 
grammer from Computer So- 
lutions sets a new standard for 
low-cost universal program- 
mers. The TUP-500's pins are 
individually conditioned and 
software controlled, so pin 
rerouting modules are not re- 








quired for each different fami- 
ly of devices as is the case 
with other low cost program- 


mers. The £475 TUP-500 
comes as standard with a 40- 
pin DIP socket and supports 
nearly all devices with 8 to 40 
pins, right out of the box 





you can have a programmer that's both 


universal and low cost 


The TUP-500 can program 
nearly all the devices you can 
think of including EPROM, 
EEPROM, FLASH, serial 
PROM, PLD, CPLD, FPGA, mi- 
crocontrollers (8751, Dallas, 
Microchip, Motorola, NEC, Hi- 
tachi, Toshiba, WSI, ...), DSP. 
BPROM, etc. 

Support doesn't stop at 40 
pins - Comsol provides 
adapters and converters for 
nearly every type of IC pack- 
age and every pin count from 
8pins to over 300pins. 
Adapters for programming PC 
cards (PCMCIA) and for test- 
ing SIP as well as 30-pin and 
72-pin SIMM modules are 
available also. 

The TUP-500 has program- 
mable Vcc and Vih levels to 
fully support the latest low 
voltage devices and it uses al- 
gorithms approved by leading 
IC manufacturers including 
AMD, Atmel, ICT, Macronix, 
national Semiconductor, Win- 
bond, WSI, and others. 

The TUP-500 connects to the 
PC via the parallel port so it 


can be used with a desktop or 
laptop PC and can be easily 
transported. 
The TUP-500's software inter- 
face is among the easiest to 
use in the industry. Press 'B' 
to blank check, 'P' to program 
and verify, 'R' to read a mas- 
ter device, or 'A' to automati- 
cally blank check, program, 
and verify a device. An exter- 
nal 'YES' key on the TUP-500 
can be used to initiate pro- 
gramming operations so that 
the PC keyboard does not 
have to be used once the pro- 
grammer is set up. Simple 
batch files can be used to set 
up the programmer for pro- 
duction jobs. All popular file 
formats are supported for file 
loading (bin, Intel-hex, Mo- 
torola S-Record, JED, Altera 
РОЕ etc.). Both Dos and Win- 
dows 3.1/95 are supported. 
Computers Solutions Ltd., Та 
New Haw Road, Addlestone, 
Surrey КТ15 2BZ. Tel./fax 
(01932) 829460. Email: сот- 
sol:@forthine.demon.co.uk, 
(977107) 





C-programmable controller in a box 
— SEEN 


The PK2300 is Z- 
World's new versa- 
tile controller that 
contains a set of 
user configurable 
flexible МО lines, 
providing up to 16 
protected digital in- 
puts and 8 high cur- 
rent outputs. 


The PK2300's 19 I/O lines are 
initially set as 11 protected in- 
puts and 8 high-current out- 
puts. However, 5 of the out- 
puts and 6 of the inputs are 
user configurable, The 
PK2300's МО flexibility pro- 
vides you with between 11 
and 16 protected inputs and 
up to 8 outputs to assign as 
needed. Possible configura- 
tions include combinations of 
level sensitive interrupts and 
protected inputs. Configura- 
tions can also include an ana- 
logue-resistive input and an 
RS485 port. Screw terminals 


facilitate quick wiring. The 
rugged enclosure easily 
mounts to either a flat surface 
or any of the 3 DIN rail stan- 
dards. 

You program the PK2300 
using Z-World's multitasking 
Dynamic СТМ, a version of the 
industry-standard C program- 
ming language optimized for 
real-time control. Dynamic C 
is a software-development 
system that is an integrated 
editor, compiler, and interac- 
tive debugger. The compiler, 
running on your host PC, 
compiles directly into the flash 
memory of the PK2300 for in- 
target software development. 
This approach virtually elimi- 
nates expensive test equip- 
ment such as ROM or in-cir- 
cuit emulators. 

The PK2300 Developer's Kit 
includes items necessary for 
software and hardware devel- 
opment using the PK2300, 
and is a one-time purchase. 
The kit includes a reference 
manual, a wall power supply, 
schematics and cables and a 
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demo board with 4 switches, 
4 LEDs, jumpers, a buzzer 
and field-wiring terminals. For 
additional information, or for 
a free Dynamic C demo disk, 
contact 
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Z-World, 1724 Picasso Ave, 

Davis, CA 95616, USA. Tel. 

(916) 757-3737, fax (916) 753- 

5141. 

Email: zworld@zworld.com. 

Internet: www.zworld.com. 
(977110) 
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Microchip’s new 8- 
bit microcontroller 
families provide low- 
cost advanced ana- 
logue features for 
automotive and ap- 
pliance industry ap- 
plications. 


The PIC16C642 and 
PIC16C662, the first members 
of the  PIC16C64X апа 
PIC16C66X families, provide 
an industry leading 4.0-volt 
brown-out protection, two 
high precision voltage com- 
parators and a voltage refer- 
ence module. These features 
improve system integration, 
increase reliability, lower man- 
ufacturing costs and reduce 
board space and component 
count, 

The new devices provide 4096 
words (4Kx14) of on-chip 
EPROM program memory and 
176bytes of RAM for maxi- 
mum design flexibility. They 
are also pin-for-pin compatible 
with Microchip's popular 
PIC16C63 and PIC16C84 mi- 





As a long-time fan of the '166 
microcontroller architecture, 
Mike Beach of Hitex has inde- 
pendently produced а com- 
prehensive design ideas 
source book for new and 
prospective "166 family users. 
As the title of ‘The Insider's 
Guide To Planning 166 Micro- 
controller Designs’ implies, it 
covers all the tricky hardware 
design questions that crop up 
when such a powerful and 
flexible CPU is used for the 
first time. Most of the material 
has been produced in re- 
sponse to questions put by 
UK users over the last couple 
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crocontrollers. 

The one-time programmable 
capabilities offered by the 
PIC16C642/662 allow engi- 


of years, and so is very rele- 
vant. While there are other 
similar publications, they are 
all in German, which makes 
them of limited use to UK and 
USA engineers. 

The Guide is intended to fill 
the gaps left by Siemens and 
ST user manuals, providing 
new users with the accumu- 
lated wisdom that normally is. 
only gained after completing à 
major project. It is ironic that 
at the beginning of a project 
when designers needs the 
most experience to make the 
best choice of pin allocation, 
bus mode, etc., they in fact 


6/97 








neers to react faster to code 
changes and reduce the time 
to fix bugs. OTP also reduces 
the design verification cycle, 


have the least experience to 
go on! To help, there are sec- 
tions on which I/O pins are 
best for what sort of applica- 
tion, with examples. 

Information is also included 
on how CPU performance is 
related to bus mode and how 
power consumption is influ- 
enced by clock speed, The 
best way to calculate memory 
access times and how to most 
effectively use the chip-selects 
are covered jn detail, Useful 
hints and tips on oscillator de- 
sign pull-down resistor selec- 
tion and CAN interfaces tur- 
ther expand important aspects 


new 166 microcontroller designer's guide 


which can be as long as 16 
weeks with compeling ROM- 
based devices. 

The PIC16C642 and 
PIC16C662 are supported by 
the PICMASTER-16P Univer- 
sal Development System, the 
industry's most complete, fully 
integrated programming de- 
velopment and emulation sys- 
lem, and the low-cost PIC: 
START Plus development sys- 
lem. Other support and 
development tools include the 
MP-Driveway™ Automatic Ap- 
plication Code Generator, 
MPLABTM-C compiler, fuzz 
logic tools and programming 
support. 

Available in 28-pin and 40-pin 
packages, the PIC16C64X 
and PIC16C66X family mem- 
bers are claimed to cost sig- 
nificantly less than compara- 
ble mid-range 8-bit micracon- 
trollers, 

Arizona Microchip Technology 
Ltd., Unit 6 The Courtyard, 
Meadowbank, Furlong Road, 
Bourne End, Bucks 51.8 ЗАД. 
Tel. (01628) 851077, 

fax (01628) 850259, 
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of 166 hardware design. 

The Guide is available as a 
traditional printed booklet or 
electronically as a .PDF file for 
use with the Acrobat Reader, 
Printed versions of the Guide 
will be mailed to the first 100 
fax or email enquirers, free of 
charge. Engineers are invited 
to send their requests to 
100646, 1526@compuserve.co 
m or fax (01203) 692131 
Further information from 
Mike Beach, c/o Hitex (UK) 
Ltd., University of Warwick 
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